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ABSTRACT

An earth orbital satellite lifetime deck has been developed and pro-
grammed in Fortran IV language for the IBM 7094. The deck represents the
development of a sophisticated and accurate lifetime prediction technique, which
includes the effect of aerodynamic drag and the nonspherical gravitational po-
tential of the earth. The computer program can be used to predict lifetime based
on only a gross description of the initial orbit and drag parameters, or based on
a very exact definition of the initial orbit and detailed description of the drag
parameters and their variations depending on the amount of information available.
The primary factor contributing to uncertainty in lifetime predictions using this
model is the atmospheric density. A very flexible model based on data from
Discoverer, Gemini, and Saturn flights has been established. The primary
uncertainty remaining in this model is prediction for future years of solar activ-
ity behavior and its influence on density as a function of altitude. As additional
flight data and solar activity observations become available, they may readily
be incorporated into the model, thus providing a rapidly changing density model
which insures the best representation possible. Efforts to refine the models as
presently defined and to perform pertinent studies in the lifetime area are con-
tinuing. This report represents only the present status of model definitions and
defines the computer program now in use.
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TECHNICAL MEMORANDUM X- 53385

EARTH ORBITAL LIFETIME PREDICTION MODEL AND PROGRAM

SUMMARY

An earth orbital satellite lifetime deck has been developed and pro-
grammed in Fortran IV language for the IBM 7094, The deck represents the
development of a sophisticated and accurate lifetime prediction technique, which
includes the effect of aerodynamic drag and the nonspherical gravitational poten-
tial of the earth. The computer program can be used to predict lifetime based
on only a gross description of the initial orbit and drag parameters, or based on
a very exact definition of the initial orbit and detailed description of the drag
parameters and their variations depending on the amount of information available.
The primary factor contributing to uncertainty in lifetime predictions using this
model is the atmospheric density. A very flexible model based on data from
Discoverer, Gemini, and Saturn flights has been established. The primary
uncertainty remaining in this model is prediction for future years of solar activ-
ity behavior and its influence on density as a function of altitude. As additional
flight data and solar activity observations become available, they may readily
be incorporated into the model, thus providing a rapidly.changing density model
which insures the best representation possible. Efforts to refine the models as
presently defined and to perform pertinent studies in the lifetime area are con-
tinuing, This report represents only the present status of model definitions and
defines the computer program in use.

SECTION I. INTRODUCTION

An extensive effort has been underway to develop a flexible and accurate
orbital lifetime prediction model and a density model accurately describing the
history of decayed satellites and providing the best available prediction for future
satellites. This has been performed jointly by the authors and the Dynamics and
Guidance Department of the Lockheed Missiles and Space Company, Huntsville
Research and Engineering Center. Lockheed's work has been performed under
Contracts NAS8-11148, NAS8-11121 and Task B of NASA Schedule Order No. 1,
Contract NAS8-20082. Principal contributors from Lockheed are Mr., T. J.



Richards and Mr. H. F. Kilgo. This report was prepared jointly by MSFC
amd LMSC, Section V being prepared by Mr, W, B. Hawkins, of Lockheed. The
computer program is documented in Reference 1.

The orbital lifetime of a satellite, in the final analysis, depends solely
upon two things: the initial total energy of the satellite and the time history of
its rate of energy loss. Initial total energy is determined immediately either by
position and velocity or by orbit elements, However, the determination of rate
of energy loss is not immediately evident. Consider the external influences
which act on a satellite to change its orbit: those produced by atmospheric re-
sistance, the earth's nonspherical gravitational potential, lunar-solar gravitation,
solar radiation pressure, and geomagnetic potential. Each of these act to change
the shape and orientation of the orbital ellipse. Only atmospheric resistance
causes a net decrease in total energy. Nevertheless, these other forces are
important in determining orbital lifetime because they influence the parameters
which define aerodynamic forces.

The development of sophisticated and accurate lifetime prediction and
density models has been prompted by the need in the Saturn program for better
estimates of lifetime and decay characteristics for earth orbital flight, These
data are essential to realistic mission planning.

The basic models have been developed and a computer program written in
Fortran language for the IBM 7094. The program simulates the rates of change
in the orbit of a satellite and ultimately calculates the total time it remains in
orbit. As presently coded, it includes the effects of aerodynamic drag and the
earth's nonspherical gravitational potential. The computer program can be used
to predict lifetime based on only a gross description of the initial orbit and drag
parameters, or on a very exact definition of the initial orbit and detailed descrip-
tion of the drag parameters and their variations, depending upon the amount of
information available.

Since the elements in the drag function can be input as constants or
variables in a number of ways, their accuracy is limited mainly by the amount
of information available to the user. These elements are atmospheric density,
drag coefficient, cross-sectional area, and mass of the satellite,

Of principal significance is the atmospheric density model. It was desired
to construct a model best predicting density for future years and optimally util-
izing data obtained from decayed satellites and actual measurements of solar and
geomagnetic activity. Consequently, any "'best' density model must remain in a
constant state of flux as new data and input become available,



The development of this extensive capability for earth orbital lifetime
predictions is by no means completely refined. The basic model and best known
inputs to date are formulated for use. A continuing effort is being made to
further develop and refine the model. The following list singles out some of the
more significant areas either presently being investigated or planned to be
investigated. Information concerning these items may be obtained from the
authors.

1. The equation used to compute the radius to the satellite as a function
of a set of "mean' orbital elements was derived using a definition of "mean"
elements which differs from the definition used in the transformation phase of
the deck. The deck will be revised to either redefine the function or to redefine
the elements to establish a consistent set.

2. The transformation between osculating and "mean' elements required
before lifetime computations is indeterminant for small eccentricities. This
transformation is being derived.

3. Expressions accounting for the effects of solar radiation pressure have
been derived and are being programmed into the deck.

4. Expressions for solar and lunar gravity effects are being derived and
will be incorporated into the deck,

5. Uncertainties in extrapolating mean solar activity predictions have
been determined. The uncertainties caused by short period fluctuations in solar
activity are being established to arrive at an overall uncertainty in predictions
for short and long lifetimes.

6. A technique for inclusion of new solar activity data into the density
model and automatic updating of the solar activity future predictions based on
past and current behavior will be established.

7. Updating of the density model incorporating the latest Saturn flight

data is in progress. This will result in a more accurate model in the higher
altitude region near 500 km.

SECTION II. DENSITY MODEL

The carefully formulated decay equations presented in following sections
for the lifetime model are of little value for application unless an accurate



density model is also used. Any density model which defines density as a function
of altitude alone may be in error by an order of magnitude in the 200-700 kilo-
meter altitude range. This section is specifically devoted to discussion of the
time-~variant density model used in the orbital lifetime program since the model
is of such primary significance.

A, Defining a Time-Dependent and Position-Dependent Density Model

For future planning, it is necessary to have the capability of accurately
determining the instantaneous acceleration due to drag (for propellant seating
considerations, etc.) and the amount the orbit decays during a short period of
time. This presents the requirement for an accurate time-dependent and
position-dependent model, whereas a less sophisticated model is usually suffi-
cient for an accurate total lifetime prediction.

The density of the upper atmosphere (120-700 km altitude) has been
shown to vary with certain indices of solar and geomagnetic activity, with local
time, with season and latitude, in addition to its primary variation with altitude.
Many of the relationships used in the following model were developed by H. Small
in Reference 2,

To describe the variation in density due to solar and geomagnetic activity
fluctuations and seasonal effect, Small defines a single parameter, S, and refers

to it as a "heating parameter' or the 'total heating. ' The heating parameter S
is defined as

s =8e5(Y, (1)
where

S=25+0.8Fy9 ¢+ 0.4(Fyy ¢ - Fyg ¢) + 10Kp

]—.OGCOS {47r

= correction for seasonal effects

t - 38047, 0
g(t) =.025 cos [:Zﬂ ( 365. 25

t ~ 38047.0
365. 25
eg( t)

t = time in modified Julian days

Kp = 3-hour planetary index of geomagnetic activity



F1g, ¢ = daily values of the 10. 7 cm solar flux
fm. 1 = smoothed values of the 10.7 cm solar flux.

This is formed by taking the running yearly mean of Fyg ¢, i.e.,

1 182
Fi0.1 = 3¢5 Fio 7 (t+1) .

i=-182

The daily values of Fj4 ; and Kp, which are available in Reference 3, are
incorporated into the model for use in post-flight prediction (section II B deals
with extrapolating these values for future predictions).

Small also points out in Reference 2 that the following relationship holds
(although he apparently did not use it in formulating his model):

d(ln p) _ h-360) h - 360} | 5.6 - cos ¥
d(lnS)_[3+2'5( 240) '5( 240)][ 6. 6 } (2)

where
In p = natural log of density
1ln S = natural log of S
h = altitude in km

P! = geocentric angle between the field point and the center of the
diurnal bulge. ' of 75 deg represents a mean diurnal effect.

By interpreting the above as

lknp—lnp0
InS-InS °
o

it follows directly that



h - 360 h - 360 |2 | |5.6 — cos ¥
l}”+2'5( 240 )"5( 240 ) ]l 6.6 } (3)

To apply the above equation, all that remained was the selection of a realistic
density profile (density as a function of altitude) to define po and the associated
value of So'

_ S
p_pots)
o

Values from the above equation using various combinations of S, and p

(reference profiles) were compared to empirical density data. The results of
this comparison indicated that two such combinations provide realistic density
models. These are the 1959 ARDC density model with an S, of 220 and the 1962
U. S. Standard density model with an S, of 200.

Figures 1 and 2 show ﬁ- when ¥' = 75° (mean diurnal effect)

h - 360 h - 3602
+ _— _ = e
o [s .81 Es 2.5( 540 ) .5( 570 ) ]

’

for various values of S and So = 220 and S0 = 200, respectively.

These two reference atmosphers, the 1959 ARDC and U, S. Standard 1962,
are used in the program. Lifetimes may be predicted solely on these models
or using these models as a base with corrections for the time frame being con-
sidered as discussed above and adjusted with data obtained from flights. The
selection of a model for the base is completely arbitrary. Essentially the same
density model will result for either base reference. The base model is corrected
in the program for solar activity behavior and diurnal effect in the following
manner:

4 1] 3
g\ K 1+.19 (e 9990 ) 4 9 L‘L—C—z"—si)
p=p (R)HD | — e S N ()
S . .f o
o 1 c o 1+.19 (e 0055 Rl _1.9) 1_'"_220_5_15_)
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where

(R') = Density of base reference atmosphere as a function of altitude
R]. This is assumed to be a diurnal mean atmosphere.

D = Altitude dependent correction factor derived from satellite
observations (discussed later in some detail).

Reference index of heating parameter, i.e., the value of S to
which the Dc factor is referenced.

w
i

R{ = Field point altitude above an oblate earth

I

Y' = Angle between the field point and the center of the diurnal bulge.
The heating effect on atmospheric density is altitude dependent and

the density is greater on the side of the earth toward the sun. The latter effect,

the diurnal bulge, is represented by the brackets

113
1+, 19( . 0055R! i_1.9) (1+czosg)
1+#cos75° 3
2

o
1+.19 (e . 00558} 1. 9)

and is derived in Reference 4. The formulation given above assumes that the
base atmosphere represents a mean dirunal effect so that, when ¢' equals the
mean value of 75 degrees the ratio becomes one (1) for any altitude (¢' is derived
below). The variation in the effect of the heating parameter with altitude and
position on p is represented in the equation (Reference 2) by K, where

- 1 - 36042
K= l3+2 ol IO o Sl 5.6 - cos ' (5
B 2 240 2 240 6. 6 ’ )

This exponent K is shown in Figure 3 as a function of altitude. The angle ¥'
is calculated as follows:

cos ' =llB+mmB+nnB , (6)



(1,m,n) = direction cosines of the field point

Xs
1=§—.‘

i

Y
m=—§

R,

1

7z
nz—s-

R .

Ri = Radius vector from earth center to field point. Xs’ YS, ZS are the space-

fixed components of the position of the vehicle computed as
XSZX' cos € - Y'sin Q

YS=X' sin Q@ + Y'cos @

Z =7!

s

X=X
Z'=Y sin i

and
X:Ri cos (w +v)

Y=Ri sin (w + V)

i = orbital inclination - angle between the earth equatorial plane
and the plane of the orbit

Q = Right ascension of the ascending node-angle between the inter-
section of the orbital plane with the earth equatorial plane and
the vernal equinox

w = Argument of perigee-angle between the ascending node and
perigee



v = True anomaly-angle between perigee and the field point

(1,,m_,n_) = Direction cosines of the diurnal bulge
B BB
.=~ n2+12 cos RA (7)
B s s B
m =\In2+lzsinRA (8)
B s s B
np =n_ (9)
1 1 0 0 cos A
s S
m =10 cos € -sin € sin A (10)
s s
ns 0 sin € COS ¢ 0

inclination of the ecliptic = 0. 4092 rad

m
Il

>
1l

celestial longitude of the sun

>
1]

[0.017203 d +.0335 sin (0.017203 d) - 1.41] rad

d = number of days elapsed since Dec. 31, 1957

RA = tan~!
S

-7 Ky
O Radians - 1g0 L18-5 * 80e 1+ Ko + (1 )]

ifo>5 set6=5



0_8-160
90

-. 014
Ky = -. 00567 (R, - 200) +e 0 55(R; - 200)

-. 0315(R! -
K, = 18.5 + 21. 5¢ " 00 5(R; - 200)

B. Verification and Accuracy of Present Density
Model From Flight Experience

The effective drag on the Saturn vehicle has been derived at MSFC
primarily by the inclusion of drag as an additional unknown which is solved for
in a conventional least square differential correction orbit determination program
as discussed in Reference 5. The orbit correction program used included an
atmospheric drag model which used the 1959 ARDC atmospheric density profile
and assumed a constant ballistic factor for the satellite. The drag acceleration
AD on the satellite was calculated as

_1 2
AD_ZDC (CD A/M) P Ve (11)

where CD is the drag coefficient, A is the effective cross-sectional area, M is

the satellite mass, v, is the velocity relative to the earth, p, is the reference

atmospheric density at the satellite, and D, is a constant used nominally to
compensate for variation of the actual current atmospheric density from the
1959 ARDC density profile. Solutions for D, were made for SA-5, SA-6

and SA-7 using radar tracking data in the orbit correction process described in
Reference 5. Using these data in addition to Gemini and Discoverer data, a
correction factor from the 1959 ARDC atmosphere was established as shown in
Figure 4. These factors are referenced to an index of heating S of 100 which
was applicable during the Saturn I flight time frame. Using these empirically
derived solutions in the new jointly developed MSFC/LMSC lifetime program,

a comparison of actual to predicted lifetime was made for 39 decayed satellites.
The results of this comparison are presented in Table I,

As an indication of the accuracy of the prediction, the ratio of actual
lifetime to predicted lifetime is shown in Table I for each case. This ratio

10
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(A/P) appears to be normally distributed, having a mean value of 1. 000 and a
standard deviation of . 082, These results indicate that the representation of
solar activity as presented and the corresponding density as a function of time
for the altitude region of 350 km and below is indeed valid for the time frame up
to 1965. The validity for future years is only as good as the prediction of solar
activity.

Similar density models are currently being investigated: one using the
59 ARDC as the reference density model, S0 = 220 and DC = 1, 0 for all altitudes,
and another using the 62 U. S. Standard as the reference density, S, = 200, and
DC = 1, 0 for all altitudes. These yield essentially the same density as the one
previously mentioned (S, = 100, DC shown in Figure 4) in the 100-300 km alti-
tude range and are currently being compared to data obtained in the 490-550 km
altitude range from SA-8, SA-9, and SA-10 flights.

C. Prediction of Future Behavior of Parametric
Input to the Model

Examination of the history of solar activity indicates that the present
cycle need not necessarily follow a course similar to the last cycle. The Tﬁio. 7
and Kp for the period 1958-1975, which are currently being used in the MSFC
computer program, are shown in Figure 5, Figure 6 shows the heating para-
meter S based on the nominal values of Fyy ¢ and Kp given in Figure 5. The
seasonal effect e€(t) on S is shown in Figure 7 as a function of the time of the
year. The product of these two factors yields the heating parameter S. The
Fy.7 and K_ values which occurred earlier than mid-1965 are averages of the
actual recorded values, while those from mid-1965 to 1975 are based upon
certain predictions and assumptions,

The extrapolation of Fy,_; was based on the following assumptions:

1. —Fio, ¢ and Zurich smoothed sunspot number, R, are well correlated
and the regression line is given by Reference 6 as

Fi.7 =50 +.967 R (Fip.7 > 100)
and

Fyp =68 +.607R (Fy0,7 < 100) .

11



2. The beginning of the new cycle (minimum Fy ;) was in mid-1964,

3. The new sunspot cycle was assumed to have the shape and duration
of the mean of sunspot cycles 8 through 18,

4, The magnitude of the sunspot maximum, RM, was assigned the value
150, based on the following:

(a) All predictions of Ry, thus far found in the literature agree that
Ry will be less than 150 (except one which indicates that Ry < 160).

(b) In predicting lifetimes for mission planning, it is generally
better to underpredict lifetime than to overpredict lifetime.

(c) While most authors predict a value of Ry considerably lower
than 150, the likelihood of this is questionable in view of the fact that the pre-
ceding cycle had the highest Ry ever recorded and natural phenomena tend not
to change drastically from one occurrence to the next,

5. The time lapse of four years from minimum to maximum
sunspot number for the new cycle is the same as that for the mean of cycles 8
through 18. The relationships of consideration 1 above were used to compute
Ty, 7 from the R values obtained by adjusting the mean of cycles 8 through 18
by a proportionality factor which forced Ry to be 150.

The 30 upper bound curve of Fyg 7, Fig.; (max), was drawn by fairing
straight line segments through points computed by the following formula:

Tio.7 (max) = Fyg ¢ +.2(Fy. ; - 60) + 4(year-1964.5) . (12)

This formula was chosen to represent the increasing uncertainty in Fqg ; as Fyq, ¢
increases and as time increases. The weighting factors were chosen so as to

yield

Fyo. 7 (max) = 244 at 1968, 5.

The 244 maximum of the previous cycle was chosen as an absolute maximum for
the new cycle. The 30 lower bound was derived similarly from the lowest

recorded cycle,

12



S

TABLE I. DECAYED SATELLITE ANALYSIS

t h A p R
Name (year) (km) | (days) | (days) | (A/P)
]

1 58 DELTA 2 1959. 158 | 207 404.0 | 364.0 1,11
2 53 DELTA 2 1959.725 | 199 197.7 | 179.5 1. 10
3 58 ZETA 1958, 966 175 33.6 33.2 1,01
4 59 GAMMA 1959.287 | 257 11,2 10.7 1,05
5 59 EPSILON 1959. 621 215 43. 4 39.9 1.09
6 59 ZETA 1959, 637 218 60.7 51.6 1.18
7 59 LAMBDA 1959, 889 187 108. 3 110.0 0, 98
8 59 EPSILON 2 1960. 125 219 362. 0 355.5 1,02
9 60 DELTA 1960. 294 173 9. 83 10. 6 0.93
10 60 THETA 1960. 615 256 95, 0 106. 6 0. 89
i1 60 OMICRON 1960. 880 183 42. 9 42,7 1,01
12 60 SIGMA 1960, 960 251 107. 4 113.0 0. 95
13 60 TAU 1960, 973 195 32.9 33.8 0. 97
14 61 EPSILON 1961, 135 298 525.5 575. 3 0.91
15 61 ZETA 1961, 146 252 422, 6 460.7 0. 92
16 61 LAMBDA 1 1961, 272 297 372.9 384, 8 0,97
17 61 LAMBDA 2 1961, 321 220 391, 2 429, 6 0,91
18 61 X1 1961. 466 224 23. 2 27.8 0. 83
19 61 PI 1961, 537 233 133.9 143. 4 0.93
20 61 ALPHA BETA 1961. 745 243 27. 3 27.3 1.00
21 61 ALPHA GAMMA 1961. 803 234 24, 9 25.0 1, 00
22 61 ALPHA EPSILON 1961, 855 246 394, 3 413.0 0. 95
23 61 ALPHA KAPPA 1961, 973 248 76. 8 74.6 1,03
24 62 RHO 1962. 356 203 15. 6 13.1 1. 19
25 62 CHI 1962, 435 213 20, 6 19.5 1. 06
26 62 ALPHA GAMMA 1962, 496 209 76. 2 79.6 0. 96
27 62 SIGMA 1962, 556 323 492, 0 484, 2 1,02
28 62 ALPHA ETA 1962, 575 204 16. 5 15.8 1,04
29 62 ALPHA THETA 1962, 594 206 18. 6 18.2 1,02
30 62 ALPHA KAPPA 1962, 602 208 18. 3 20.0 0. 92
31 62 ALPHA SIGMA 1962, 673 176 6.9 7.1 0. 97

tg = initial time, hp = initial perigee altitude, A = actual lifetime, P = predicted
lifetime.

13



TABLE 1. (Concluded)

t h A P R
Name s P

(year) (km) (days) | (days) (A/P)
32 62 ALPHA CHI 1962.728 211 56. 9 56, 8 1.00
33 62 BETA EPSILON 1962, 797 220 29.5 26,8 1.10
34 62 BETA OMICRON 1962, 865 210 20. 1 20,4 0. 99
35 62 BETA SIGMA 1962, 928 134 3.6 3.85 0. 94
36 62 BETA PHI 1962, 980 200 16. 1 15, 15 1.06
37 64 (GEMINI) 1964, 274 164 4,2 5.09 0. 86
38 64 (SA-6) 1964, 408 182 3.2 3.21 1.00
39 64 (SA-T) 1964, 716 185 3.8 3.3 1. 15

tS = jnitial time, hp = initial perigee altitude, A = actual lifetime, P = predicted

lifetime,
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A, NOTATION

1II. LIFETIME PROGRAM

This list defines the equation symbols in terms of the computer input language used.

Equation Program
Symbol ~Symbol
Ai’ A 0 APO
A. ADOT
1

A; ADOTP
AN. AN

J
A 0 ARAA

i
CD; CDP
CNi CNN
D DD
F F
Fl 0.7 FTEN
Fl&7 FTENB
H HH
J JJ
K KERTH

Definition

apogee radius

time rate of change of apogee
radius

LﬂﬂAi

interpolated value of apogee at
time TAj (j = 1...5)

effective drag area of the
orbiting vehicle

coefficient of drag as an altitude
function

coefficient of drag as an attitude
ction

coefficient of the 4th zonal har-

monic of the earth's gravitational

potential

reciprocal of the flatteming of
the earth (298.3)

daily 10.7 ecm solar flux

yearly mean values of FlO.?

coefficient of the 3rd zonal har-
monic of the earth's gravitational
potential

coefficient of the 2nd zonal har-
monic of the earth's gravitational
potential

earth's gravitational constant

22

Units

km

km/day

kg-km
/day

km

non-

dimen-
sional

1

10—22

/cycle
sec

1

non-
dimen-
sional

11

krn3/sec2

watts/m2

]




I

(Continued)
Equation Program Definition Units
Symbol Symbol
. . - non-
KP AP da1I.Ly mean values of geomag- dimen-
netic index .
sional
Kp XK 9 log_ p/ @ log, S "
M(t) MT mass of orbiting vehicle at time t | kg
PD, PDI anomalistic period- (time between .
i : . min
two successive perigee passages)
Pi’ Po PERI perigee radius km
lbi PDOT time rate of change of perigee km/day
radius
p/ PDOTP M(t)E, kg -km
1 1 /day
PN PN interpolated value of perigee at km
k time Tp (k = 1...5)
R RAB right ascension of the center of
AB the diurnal bulge deg
RAS RAS right ascension of the sun deg
RE AE earth's equatorial pgdius km
Ri RI radius to probe km
/7 .
Ri RIP altitude to probe km
RPAi RPAI sub-perigee apogee earth radius km
S SS current index of total heating non-
of the atmosphere dimen-
sional
S SO reference index of total heating "
0
of the atmosphere
(Continued)
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(Continued)

Equation Program s aas .
Symbeol Symbol Definition Units
T INTERA times at which apogee interpo-
A . days
j=1...5 lations are performed
TP INTERP times at which perigee interpo- davs
k=1...5 lations are performed Y
VP, VPI earth-fixed velocity at perigee km/sec
X,Y , Zs X5,YS,Z2S space-fixed ephemeris compo-
s s nents of the position of the km
satellite (see Section II-B-2)
a2, Al semi-major axis of the km
. ellipse
a, SADOTI time rate of change of semi-
i . . km/day
major axis
d XDATE number of days elapsed since davs
31 December 1957 v
e e El eccentricity non-
dimen-
sional
i INC inclination deg
l,m,n XL, XM, XN direction cosines of the satellite non-
dimen-
sional
lB’ Mp,np XLB, XMB, XNB | direction cosines of the center "
of the diurnal bulge
l1,m,n XLS, XMS, XNS direction cosines of the vector "
S s to the sun
n., N, NI mean motion deg/day
t TTT universal time hrs
ti TIME time in orbit days
t REVOL number of revolutions, made by non-
o3 the satellite dimen-
sional
24
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(Continued)

Eqguation
Symbol
At,
i

0
%
Q %0
g ¢

i’ . 0
a

Program
DTI

THETA

XLAG
CAPW
CAPID
ALPHA
DA

ECLIPT

XLAMS
E

RHO

COSPP

OMEGA
SMAW

SMAID

Symbol

Definition

Units

change in time for one apogee
step

sidereal time

lag angle between earth-sun
line and the diurnal bulge

right ascension of the ascending
node

time rate of change of ascending

node
angle of attack of the satellite

apogee integration step size
obliquity of the ecliptic
celestial longitude of the sun

true anomaly

atmospheric density

angle between the center of the
diurnal bulge and the satellite

rotational velocity of the earth
argument of perigee

time rate of change of argument
of perigee

Subscripted symbols such as (.oi,Qi,Ai denote values at the ith

days

deg

deg

deg/day

kg/m2
deg
deg/hr

deg

deg/day

whereas wo, QO,Aodenote initial values.

apogee step,
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B. Program Description and Flow of Computations

The Satellite Orbit Decay and Orbital Lifetime Program has three phases:
(1) a control phase that controls the sequence of events in the entire program;
(2) a transformation phase that accepts input in any of eight coordinate systems
and transforms to the remaining seven; and (3) a lifetime phase that computes
the decay history and lifetime of the orbiting body. The deck is programmed in
Fortran IV language for the IBM 7094 computer.

1. Control Phase. This phase determines the route to be taken and the
values to be used in computing both the decay history and lifetime. The Control
Phase first calls the input routine "MAVRIK" which reads one or more data cards
for the initial case. The only card that is always required for execution of the
program is the one that defines either the satellite's initial position and velocity
or orbit elements in one of eight optional coordinate systems. However, the
actual breakdown of these options leads to more ways of inputting these initial
orbit parameters than eight. The following outline elaborates on this.

The user can input in any one of eight coordinate systems, two of which
contain three coordinate '"subsystems"  each:

1, Earth-fixed plumbline (position and velocity)
2, Earth-fixed ephemeris (position and velocity)
3. Space-fixed ephemeris (position and velocity)
4, Space-fixed geographic (position and velocity)
5. Earth-fixed geographic (position and velocity)
6. Platform (position and velocity)

7. Osculating orbital elements:

(a) Semi-major axis, eccentricity, inclination, right ascen-
sion of ascending node, argument of perigee, and true
anomaly (alphanumeric code OET).

*In effect, there are 12 coordinate systems.
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(b) Semi-major axis, eccentricity, inclination, right ascen-
sion of ascending node, argument of perigee, and eccent-
ric anomaly (OEE).

(¢) Semi-major axis, eccentricity, inclination, right ascen-
sion of ascending node, argument of perigee, and mean
anomaly (OEM).

Mean orbital elements:
(a) Same as (7) except mean elements replace osculating

elements. Corresponding alphanumeric codes are MOT,
MOE, and MOM.

The coordinate systems described previously are explained in detail in

Section ITII. B. 2.

Each of the six coordinate ""subsystems'" in (7) and (8) above can be
input in one of four optional ways:

A

B

Apogee and perigee radius.

Apogee and perigee radius, inclination, right ascension of ascending
node, (true, eccentric, or mean) anomaly, argument of perigee,
universal time, sidereal time.

Semi-major axis and eccentricity.

Semi-major axis, eccentricity, inclination, right ascension of
ascending node, (true, eccentric, or mean) anomaly, argument of

perigee, universal time, and sidereal time.

In option A and C the apogee radius, perigee radius, semi-major axis,
and eccentricity are treated as mean elements whether they are mean or
osculating. This is the case since the other elements required for the trans-
formation between osculating and mean elements are not given. Nominal values
of inclination, right ascension of ascending node, (true, eccentric, and mean)
anomaly, argument of perigee, universal time, and sidereal time are built into
the program.
options B or D. Options A and C should be used only if a bare minimum of
information is available,

For orbits having elements grossly different from these, use
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After calling "MAVRIK, " the control phase logically decides whether
input is position and velocity or orbit elements. If it decides that an orbital
element system was not used, then the program proceeds immediately to the
transformation phase; if an orbital element was used, further decision-making is
required by the control phase. In all cases except options A and C of the orbital
element system the program uses the transformation phase. However, when
either options A or C are chosen the transformation phase is not used since it
is unlikely that one would desire transformation based on "nominal' values of
i, Q, w, etc.

a. Orbital Element System Not Used. If the coordinate system input
is other than orbital elements, such as earth-fixed geographic (EFG), then the
following events occur:

1. Transform EFG to the remaining seven systems.

2. Print transformations.

3. Extract from mean orbital elements the following: apogee
radius, perigee radius, inclination, right ascension of ascend-

ing node, and argument of perigee. These elements are then
ready for use in the lifetime phase.

Logical Flow:

Input NO Transform
in orbital to other
glements ? systems &
print,

Extract mean
values of A,
P,i, @, w

Compute decay
rate and lifetime.
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et

b. Orbital Element System Is Used, If the coordinate system
input code contains the alphanumeric code for one of the Orbital Element systems,
OET, OEE, OEM, MOT, MOE, MOM, then one of four input options is available.

Consider the case:

1 2 3 4 5 6 7 8
OET = ++, +4) ++, +) ++, +) ++, H) ++, ++) ++, ++) ++, +) ++, +4)

Option A

If the value loaded in position 2 of this input is greater than 1. 0, then
positions 3 through 8 are tested. If all these positions contain zeroes then the

input is assumed to be in the form:
OET = Apogee radius) perigee radius).

These two values along with the assembled '"nominal' values for inclination, right
ascension of ascending node, and argument of perigee are ready for use in the

lifetime phase,

Logical Flow:

YES Input is
positions apogee &
3 through 8 perigee

0.2 radius only.

NO l

Pick up
assembled
values of
i, Q, w

Compute decay
rate and lifetime

s input
in orbital
elements?

position
2 greater
than 1,0?

NO NO
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Option B
If any of positions 3 through 8 are non-zero, then the input is assumed to
be in the form:

OET = apogee radius) perigee radius) inclination) right ascension of node)
true anomaly) argument of perigee) universal time) sidereal time).

Semi-major axis and eccentricity are computed from the input values of apogee
and perigee radius:

A +P A -P
g =—2_ 0 e =2 0O
o 2. o A +P °
(o) (o]

These elements are now in the format required for transformation not only to
mean elements for use in the lifetime phase, but also to the elements in the
remaining coordinate systems for display in the printout.

Logical Flow:

Is
position
2 greater

YES

Is input
in orbital
elements ?

positions
3 through 8
N P

than 1,0°? =0.7?
NO
¥o o |
Input is apogee,
perigee,

i’ Q, vV, w, t, 6

Extract mean values Transform to

of Al’ Pl, 1, Qa w otheI.‘ Systems Compute ag& e from
and compute decay & print. apogee and perigee.
rate and lifetime,
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Option C
If position 2 is less than 1. 0, then positions 3 through 8 are tested. If
these positions are all zero then the input is in the form:

OET = semi-major axis) eccentricity).

From these two values, apogee and perigee radius are calculated:
A = .+ P = 1. -
o %o (1 eo) o ao( eo)

These values are used along with the assembled ""nominal' values of inclination,
right ascension of ascending node, and argument of perigee in the lifetime phase.

Logical Flow:

Is
position

Is input
in orbital
elements ?

YES

Input is semi-
major axis and
eccentricity.

Compute apogee
and perigee,

o

Use assembled values
of i, €, w and compute
decay rate and lifetime.
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Option D

If position 2 is less then 1. 0 and if any of positions 3 through 8 are non-
zero then the input is in the form:

OET = semi-major axis) eccentricity) inclination) right ascension of
ascending node) true anomaly) argument of perigee) universal
time) sidereal time).

These elements are in the format required for transformation not only to mean
elements for use in the lifetime phase, but also fo the elements in the remaining
coordinate systems for display in the printout.

Is
position YES

2 greater
than 1,07
~

NO

Logical Flow:

PN
Is input
in orbital

elements ?

positions
3 through 8
= 0.7

Extract mean values
of A, P, i, £, w and
compute decay rate
and lifetime.

Input is a, e, i, Transform to
Q, v, w, t, 0 other systems
& print.

2. Transformation Phase. The transformation phase accepts input in
any one of the eight aforementioned coordinate systems, performs the required
transformations, and outputs in the remaining seven. All programming is done
in double precision. The transformation subroutine is a general purpose one
used in other computer programs. A detailed description of this phase of the
program is not included in this writeup, but may be obtained from the author. A
brief description of each coordinate system follows:
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a.

Earth-Fixed Plumbline (EFP)

XEP, YEP, ZEP, DXEP, DYEP, DZEP

A right-handed Cartesian coordinate system with its origin
at a point on the surface of the earth, specified by geodetic
coordinates ¢ o’ and A,. The Z-axis points in the direction
of the local geodetic vertical (plumbline). The X-Y plane is
ta'ngent to the geodetic ellipsoid with the X-axis pointing
along a specified azimuth defined as (KAPPA) (normally the
firing direction). This system is completely earth-fixed.

Earth-Fixed Ephemeris (EFE)

XE, YE, ZE, DXE, DYE, DZE

A right-handed geocentric Cartesian coordinate system. The
Z-axis points north along the axis of rotation of the earth
(through the north pole). The X-Y plane is the earth equa-
torial plane, and the X-axis points through the Greenwich
meridian of longitude. The system is completely earth-fixed,

Space-Fixed Ephemeris (SFE)
XS, YS, ZS, DXS, DYS, DZS

A right-handed geocentric Cartesian coordinate system. The
Z-axis points north along the axis of rotation of the earth
(through the north pole). The X-Y plane is the earth equa-
torial plane, and the X-axis is collinear with and directed
toward the vernal equinox of date (i.e., at time t). At time
t = 0, the Greenwich Hour Angle equals zero.

Space-Fixed Geographic (SFG)

R,y ,2,V,a,c€

s’ s’ s’ '8’ "8 s
A right-handed system containing an earth-fixed position
vector and a space-fixed velocity vector. The position vector

is specified by geocentric earth-fixed spherical coordinates:
radius, Rs’ geocentric latitude, zps, with respect to the earth
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eQ

equatorial plane; and geographic longitude, A4, measured
positive eastward from the Greenwich meridian in the earth
equatorial plane. The velocity vector is referenced to a
fundamental plane tangent to the sphere of radius Rg, per-
pendicular to Rg, and with origin at the point of tangency.

The velocity vector is specified by space-fixed velocity
magnitude, V_; elevation angle, ¢_, with respect to the funda~
mental plane; and azimuth « s’ the angle between the pro-
jection of the velocity vector in the fundamental plane and the
north vector in that plane.

Earth- Fixed Geographic (EFG)

R AL,V , o €
e’ z’De’ e’ e’ e e

The right-handed (nonrectangular) system with its origin at
the center of the earth. The position vector is defined by Ry,
Ye> and A, which are the same as Ry, yg, and A4 in the space-
fixed geographic system. The earth-fixed velocity vector is
defined by Ve’ the earth-fixed velocity magnitude, «, the
earth-fixed azimuth of the velocity vector, and ¢, the earth-
fixed elevation of the velocity vector. This system is com-
pletely earth-fixed. Vg, ag, and ¢, are defined the same as
Vs’ g, and €g except they are earth-fixed and not space-
fixed.

Platform System (PLT)

XPL, YPL, ZPL, XDPL, YDPL, ZDPL

The platform coordinate system is defined such that it coin-
cides with the earth-fixed plumbline system until the time of
first motion of the vehicle. At the instant of first motion, the
system becomes space-fixed and is a space-fixed plumbline
system with its origin centered at the launch pad at the time
of first motion. Gravitational effects on the position and
velocity component at the transformation time are accounted
for. The system is a right-handed rectangular coordinate
system. The Y-axis points in the direction of the local geo-
detic vertical (plumbline). The X-Y plane is tangent to the
geodetic ellipsoid and at the time of first motion, the X-axis




points along a specified azimuth defined as KAPPA (normally
the firing direction). The system is then completely space-
fixed.

g. Osculating Orbital Elements (OET), (OEM), (OEE)
a, e, i, @, w, (v, Eor M)

The orbital element system is defined by six elements of the
two-body ellipse with the reference body being determined by
the body constants used, normally those of the earth., The
elements are the semi-major axis (a) of the ellipse; the
eccentricity (e); the inclination of the orbital plane to the
equatorial plane (i); the right ascension of the ascending
node ($£2); measured eastward in the equatorial plane from
the vernal equinox to the ascending node of the orbit; the
argument of perigee or the angle between the ascending node
and the perigee (w); and the angular position of the satellite
defined by either true (v), eccentric (E) or mean (M)
anomaly.

h. Mean Orbital Elements (MOT), (MOM), (MOE)

a,e, 1, 2, w (v, Mor E)
The mean orbital elements are defined as the osculating

orbital elements with either or both the long and short peri-
odic variation due to the earth oblateness removed.

FEquation defining the short-period variations in orbital elements contain
trignometric functions in argument of latitude or in one of the anomalies; hence,
they have periods equal to or less than one orbital period. Expressions for the
long-period variations, on the other hand, contain trignometric functions in ar-
gument of perigee and hence have periods much larger than one orbital period.
These long-period terms may contain some short-period terms also.

Note that universal time and sidereal time are common to all eight
coordinate systems.

3. Lifetime Phase. The initial mean orbital elements Ay, Pgs igs S,
w,, are input to the orbit lifetime-decay computation phase from the control phase,
At the initial point the instantaneous apogee and perigee rates of change (A, P,)
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are evaluated using Simpson's numerical integration technique, Integration steps
in true anomaly are taken from 0 to 360° , completing one orbital revolution,

and the mean rates of change over the revolution evaluated. The effective drag
coefficient, area, and atmospheric density are required input at each integration
step. The orbital decay is thus evaluated at successive apogee sieps in the fol-
lowing manner. For successive apogee (A) values taken in increments of dA,
the corresponding perigee (P) values are determined, the rates of change A

and P are evaluated and the resulting lifetime calculated using Runge-Kutta
integration of A and the orbital mass function, More detailed explanations are
given in the following subsections.

a. Orbital Parameter Computations

(1) Parameters that are constant at the ith apogee integration

step for all v values.

Units.
a, = L (A, +P) km
i 2 i i
= - +
e; = (A - P)/(A; + P
- { - in2s in 2
RPAi RE [ (sin i sin wi)/F] km
where io is initial ineclination.
1 _3
n,=(KAa®%»? {1+ J(R_/a)2by; (1 -2 2 [|C deg/day
i i E i i
where
_ 3 2.
by=1 5 sin® i

C = (24) (3600) (57.2957795)
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Units

2
- - _ . _ 2
Qi Jni cos i RE/ [ai(i ei) ] deg/day
. 1 2
WFES Jni(4 - 5 sin? io) RE/ [ai( i- ei)z:l deg/day.
v Compute
At1=(A_—A _1)/Ai_1 ; days
then
= + 0 d
G gAY e8
wi=wi_1+wi_1Ati . deg
At initial time,
C(). = ; Q- = Q
i 0 i o
Finally, period and velocity at perigee are computed from
1
PD, = (21/60) (ai3/K)2 min
L 1 2 2 2
= 2 = _ . . .
VPi K (Z/Pi) 1 +3J (RE/Pi) (1 - 3 sin i sin wi)
i
- 1/3.i 2 . km/sec

(2) Parameters that are variable with v at each apogee integration
step. Geocentric radius to the satellite is
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Units

_ a2 2
ai(i ei) 2JRE

1 1
= P _ = .9 1
i 1+ ei cos v) * 3ai (1- eiz) sin 10 [1 > sin (wi_,_ v)] >

R

- (0. SREH/J) sin iO [sin (wi+ v) - sin (wo + V)] . km

Altitude of the satellite is

R.'=R, -R
i i

_ .2 . 2.2
B [1 (1/F) sin i sin (wi +V)] . km

This value of R' is used in the density po(Ri') and drag coefficient (CD')
calculations.

b. Ballistic Parameters Computation

(1) Drag Coefficient. The effective drag coefficient is input in two
parts. (Note that the nomenclature was arbitrarily selected and may not be
consistent with standard aerodynamic terminology. )

(a) The first part, Cp', is input as a function of altitude (R;').
The input is given in table form with up to 20 values of
Cp' and the associated altitude. This allows for the varia-
tionin CD with altitude. The table is input with the highest

altitude first followed by succeeding altitudes in decreasing
order.

A linear interpolation is performed to determine C_"' for a

specific value of P, If only one CD' is input no interpolation

is performed and the one value of Cpy' is is used for all values

of P, If P exceeds the first value in the table, the first
value of CD' in the table is used; if it is smaller than the

last value in the table, the last value is used.

(b) The second part, CN, is input as a function of angle of attack
or time. The input is given in table form with up to 20 values

of CN and the associated angles of attack or time. Angle «

38
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varies from 0 to 360° while time starts at smallest value.
This allows for variable attitudes of the vehicle during an
orbit.

S

If « is input a linear interpolation should be performed
to determine CN for a specific value of «. If only one
CN is input, this value is used for all values of «.

then:

@

2 H time is input check lifetime ti— 1

If ti—i = tN—1 , use C__ at tN value.

N

If t, <tN_1 , use C

-1 value,

at tN_

N 1

The times associated with the CN's mean that discrete changes in CN are
made at these times.

The value of the coefficient of drag to be used at each integration point
around the orbit is then

CD=CD' CN .

(2) Drag Area

A =f(a, or time)
oi

The effective drag area is input as a function of angle of attack or time,
This then allows for variable attitude during an orbit or at some time in flight
but not both. The input is given in table form with up to 20 values of area and
the associated angles of attack or time.

If o is input, a linear interpolation is performed to determine Aoi at
a specific «. If only one AOi is input, this value is used for all values of «.

If time is input, check lifetime ti— 1 at the previous integration step.
Then,

. - ]
if ti-i = tN—i , use A at tN value;

if t, 1 < tN—i , use A at tN—i value.
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The times associated with the A's mean that discrete changes are made in A at
these time points,

(3) Special CDAoi Provision

A special provision is made to compute CDAoi for use in the 1.&'

and P! equations if called for by the flag. This allows for a variation in attitude
during an orbit with only a specification of the number of revolutions made.

t._ (End(

CDA = (Sine(Ny, t{, .. NN’ N

where N is the number of cycles/orbit made by the orbiting vehicle input as a
function of time t. A check is made of the lifetime ti— 5

If ti—i = tN—i , use N at tN value.

If ti—i < tN-i’ use N at tN-i value.
The following equation is then used to compute CDA:

CDA = CD1A01 + (CDZAOZ - CDIAOI) lSin (NV -+ OZO) ' .

where

CDy; = C,,'CNy, CDy = C'ON; . . ..

CNy, Ayy, CNp, Agp and Cpy' values are determined from the table functions, and
o _is taken from the angle of attack table (described below) for a true anomaly,
v, equal to zero,

(4) Angle of Attack, o

The angle of attack is input as a function of true anomaly. The
input is given in table form with up to 20 values of o and the associated values
of v. If only one value of ¢ is given, then this value should be used for all v's.

(5) Mass Functions

M(t) = £f(M,t) or f(t) or a constant
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The mass function M(t) will be handled in three ways:

(a) Input M, and up to 20 values each of My and Mgy in table
form. Then the following calculations are made:

M(t) =M - My 44 4~

A check on mass at the previous time point is made:

If M(t) > MfN—i , continue use of MN-—i .

If M(t) < MfN—i , change to use of MN .
This should be continued in table until M(t) < M___ ; then use
N
M(t) = MfN .

(b) Input up to 20 values of mass as a function of time in table
form. Then, the following check is made on lifetime at the
previous integration step:

If ti— > tN-i , use M at t__ value.

1 N

If t, <t , use M at tN value.

i-1  N-1 -1

This table allows for discrete changes to be made in M at
specified time point.

(¢) If mass is desired as a constant throughout the total lifetime,
just the initial mass Mo is loaded.

C. Atmospheric Density Options. The provision is made to call for the
use of any one of six atmospheric density models by flag. These models are
1959 ARDC, 1962 U. S. Standard, Poe, Small, Special 1959 ARDC, and Special
1962 U. S. Standard. For altitudes greater than 700 km, density is set equal to
0.

(1) 1959 ARDC and 1962 U. S. Standard Atmospheric Models. These
two atmospheric density models are in subroutine form and are on the system
library tape at the Computation Laboratory at Marshall Space Flight Center,
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These two models differ from the standard 1959 ARDC and 1962 U. S. Standard
in that they are referenced to the Patrick Air Force Base altitude rather than a
mean sea level altitude.

To use this lifetime program at an installation that does not have a system
library tape that originated at MSFC, either the subroutine cards must be ob-
tained or one of the models described in the following section must be used.

(2) Poe and Small Atmospheric Models. The Poe and Small atmos-
pheric density models (References 2 and 7) are time and position dependent
since the effects of atmospheric heating are included. A subroutine for each
of these models is included as a part of the Lifetime program and can be used

directly.

(3) Special 1959 ARDC and Special 1962 U. S. Standard Atmospheric
Models. These two models were previously discussed in detail in Section II.
The models as programmed are respecified in this section. These two models
are the same as (1) with the exception that atmospheric heating and diurnal
bulge can be included on option. There are two options for specifying the effect
of the diurnal bulge. One method is to compute the angle (y') between the
satellite and the center of bulge as follows:

cos YP' = UB+ mm + nng .

To evaluate the two sets of direction cosines, the following formulas are
required:

! =cos Q2 cos (w +v) -sin Q cos i sin (w +v)

Il

sinf cos (w + v) + cos £ cos i sin (w + V)

8
n

n = sin i sin (w + v)

L = 21y ¢ A
B '\/ns < cos (R B)

m_ = x]nszwzs? sin (RAB)

B
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where

£ =cosA ;m =sinA cose;n =sinA sine
s s s s s s

- -1
RAB = [tan (ms/ls)] - 0p

A, =.047203 d +.0335 sin (. 017203 d) - 1.41
ep = (m/180) [18.5 + 30 exp (K;) +Ky0 + 4(1 - 02 ] ; ep <5
6 =5 ; 8 =5
p P
and
Kj = -.00567 (R;" - 200) + exp [ -. 01455 (R;" - 200) ]
Ky =18.5 + 21,5 exp [-. 0315 (R;' - 200)1]

o=(S-160)/90 .

The second method for specifying the effect of the diurnal bulge is to set
P' = 75° which is simply a mean diurnal bulge.

The angle ' is then used in the equation

R.' - 360 R.'- 360 |° 5 6 - cos o
— A —

= + - —_— " -

Kp= 1372507340 0.5 240 6.6

Finally, density is computed from
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1 6
Kp 1+.19 [exp(.OOSSRi— 1.9)][005%—]

_ ' S - i
P po(Ri )Dc (so ) 1+.19 [exp (. 0055 Ri -1.9)]lcos 37.5°1¢8 [

in which p (Ri') is either the 1959 ARDC or the 1962 U, S. Standard reference
density called for, and D, is an altitude-dependent density correction factor. If

R;' < 120 km,

= '
pP=p, (Ri ) D, .
However, when 120 km < Ri' < 700 km, compute

S=Sexp [g(t)]

S=25+0.8Fqp9¢+0.4(Fypq- Frg.q) + 10K
d - 1843 d-1843
g(t) =.025 cos [271‘ (365.25 ):] - .06 cos [4#( 365, 25) ]

The yearly mean solar flux, Fy, ¢; may be input in table form as a function of
date (decimal year) and a linear interpolation for the current value of Fyy ¢

performed. If no values of Fy, ; are input, then Fyy ; is computed as follows:

d+174)
+
15 cos 471'( 4090

Fy9, y may also be input in table form. If no value of Fyg ¢ is input then Fyq 7 is
set equal to Fyy ;. KP is input in table form as a function of date (decimal
year) and a linear interpolation performed to obtain the current value of KP.

d - 136

Fip. 7 = 135 +75cos | 27 ( 4090

Many of the foregoing parameters and their definitions were adopted from

Reference 2,

d. Apogee and Perigee Decay Rates at the ith Apogee Integration
Step. At each ith integration step the time rates of change of apogee and perigee

44



S

e

radius (which are functions of v) are averaged over 27 on v. The resultant

definite integrals are evaluated by Simpson's rule using fixed increments of v

The procedure follows: *

Units
. _ 6
A 86.4x 10° [ atl+e) 2™ c1(1 + cos v) kg-km/day
i K(1-e)? d,
. _ 6 -
Bore 86. 4 x 10 [a(i-e) - f2”01(1 - cos V) kg-km/day
K(1+e) 2 dv

1
2

— 2
Ci—(CDi)(Aoi)(pi)(i +2eicosv+ei) s

then

A,
i

A /M)

P =P '/M(t) |,
i i
where M(t) is taken from calculations in Section III. B. 3. b. (5).

For printout only, the time rate of change of semi-major axis is computed

from

Finally, for use by the Runge-Kutta integration routine, the rates of change of
time and perigee with respect to apogee are computed.

* The derivations of Ai' and 15i' are given in Section V.
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dt,

1 M '
1
dP, .
- _ ' t
A, P, /Ai .

e. Integration of Time and Perigee with Respect to Apogee. The
integration scheme used to numerically determine the change in time and perigee
with respect to apogee is Runge-Kutte (Reference 4).

The Fortran source listing of the Runge-Kutta routine is given in Section
VI, Statements 3 to 13. However, a brief explanation of the flow of the compu-
tations performed by Runge-Kutta follows.

At the starting point for any lifetime computation, initial values of A,
P, i, &, w are known. Using these initial values, the initial rates of change of
time and perigee with respect to apogee are computed via the equations in
Sections III-3-a through INI-3-d. With the information now available (A, P,
dt/dA, dP/dA), the Runge-Kutta scheme is used to take a step (8A) in apogee
and to arrive eventually at a solution for perigee and time at the end of this step.
For the next step initial values of A, P, i, £, w are available from the previous
step and the whole sequence of computation is repeated as in step one. One of
the main points to understand is that the Runge-Kutta scheme, for any one apogee
step, is keyed to obtaining a very good value of dt/dA and dP/dA at the midpoint
of the particular apogee step. Once this is obtained, values of perigee radius and
time at the end of the step are evaluated immediately. Remember that 6A is an
exact quantity input to the program while 6P and 6t must be calculated. The
operations performed by Runge-Kutta are as follows.

For convenience of notation let:

(1) Pi = known perigee at beginning of step.
Ai = known apogee at beginning of step.
Ti = known time at beginning of step.

0A = known step size in apogee to be taken.
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=t

then

PD = dP/dA

TD = dt/dA ,
CPizﬁ PD
2
Pi = CP1 + P1

CT1 =§2é TD

ti:T1+CT1

Compute new PD & TD using aforementioned equations
in Sections NI-3-a through III-3-d.

CP2 =§2APD

Pi= CP2 + P1

CT2 :67A TD

tl = Tl +CT2

Compute new PD & TD as above.

CP3:%PD

P, =2 CP; + Py

A=A+ 0A
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CT3 =——TD
ti =Ty +2CTy
Compute new PD & TD as above.

A= %PD+ZCP3+ZCP2+CP1 /3

Pi=A+P1

SA
A, = S TD +2 CTy +2 CT; + CPy /3
t =A1+T1

(2) Pi and ti are now good at Ai + A

Using the latest values of Pi’ Ai’ ti’ PD, and TD, the above

process from (1) to (2) is repeated until some cutoff cri-
terion is met, namely, apogee, perigee or earth impact.

The lifetime t; is converted at each apogee step to revolutions, i o for printing
only.

(t, - t,_;) 1440

= +
tNi tNi— 1 PDi

f, Altitude Interpolations. Although the vaules of apogee and perigee
radius are computed and printed at the end of every apogee step, the user might
like to know what these values are at intermediate points.

An option is available which allows the interpolation for the the printout
of a maximum of five intermediate apogees and five intermediate perigees, or a
total of ten extra points if the user so desires.
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The equations used for interpolation are

(TAi -ty (4 - Ay
= A. +
ANj 1"1 (ti - ti"i)
(TPk -t PP =Py y)
P_ =P , +— ,
N, i (t, -t )

where Ay and Py are the interpolated radii of the apogee and perigee and
j k
TA. and TPk are the times at which the interpolations are performed.
J
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Call MAVRIK
to read data
for initial case.

Is
input in
orbital element
system

Is
card
position
2>1,07?

Are card
positions 3 thru
8=07?

Input is
a, e, i,

Q, v,
w, t, 8

Call
TRANSFORMA-
TION. Trans-

form and print.

Extract neces-
sary mean ele-
ments for =t

lifetime phase

Call
LIFETIME,
Loop back
to 1,

Input is a, e.

Compute
Ai =a(l+e)
P;=a(i-e)

i

Use this Ai’ and P,
along with the
"nominal: values of
i, 2, w, in LIFE-
TIME phasge

NO Input is A, P,
i, Q, v,
w, t, 0

Compute from A& P

_A+P
a7

_A-P
€ Aa+p

Call
LIFETIME
Loop back to
1.

54
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Call TRANSFORMA-
TION using a and e

along with input values
ofi, @, ,t, 0

Extract mean elements
call LIFETIME and
loop back to 1.

Input is apogee
and perigee
radius only

Use input A and P
along with the
"nominal" values of
i, 2, w in LIFETIME
phase

—

Call LIFETIME
and loop back to
1.

Input is other than
orbital elements

Call TRANSFORMA-
TION and extract mean
elements for lifetime
phase

Call
LIFETIME
Loop back
to 1,

Block Flow

of Control Phase

S1IeY)) MOTJ WeBl



TS

Print all input

to LIFETIME
phase.

Compute & store true
anomaly and its cosine
(from 0° to 360°) in

1 steps as indicated by
input.

Call PDAD routine
to get initial decay
rates of apogee &

perigee.

Check print options
and print accord~
ingly.

Call
RUNGE-KUTTA
to take Delta

apogee step,

Is
apogee
interpolation
called
for?

Change apogee
step size if

!
Is ,
Interpolate perigee YES Interpolate
and save interpolation and save |
intable form, called in table form.
for?

needed at this time.

Check print

options and

Check for cutoff
on earth impact,

YES

print
accordingly.

apogee alt. or
perigee alt,

Block Flow of ""Life" Routine

Print tables of

apogee and peri-
gee interpola-
tions if any,




es

Compute days
since Dec. 31,
1957 for use in
density routines,

Compute
semi-major
axis and

i eccentricity.

Compute RP A

nj, &, @ 9, 2, n;, Ry, from
from initial val- » % 0p Bpy

ues of 4, e, 1, updated values of

2, w, a, e, i, 2, w,

Compute Atj, w, @,

NO

Is

Call PRAB3
routine for p
and proceed
to 2,

Compute Compute R, Call 59ARDC
1 atmos= £ d
PD,, VPi. R!, CD' OT p an

1 i ? 59ARDC? proceed to 2,
CN, A,.
1

l L
Call POE Is

routine for p
4nd proceed to
2.

YES Call HUNT-

atmos= SMALL for p
SMALL ? and proceed to
2.

- |

Block Flow of "PDAD'" Routine

Is
atmos=
SPECAR?

Compute p from 59
ARDC with special
corrections, Go to 2,




3¢

Compute p
from PRA63

with special
corrections,

Qompute ;\' and
P for nth value
of true anomaly,

Has
anomaly
gone 0 to

—_ vy

Using
SIMPSON'S

rule evaluate
A", P!, integral.

Determine
mass m{t)
at this time.

(gompute
Ay = At/m(t)
by = Py/m(1)

NO

Pickupn +1
value of true
anomaly,

Compute revo-
lution no. and
time dot, |
t=m(t)/A"

Block Flow of "PDAD" Routine (Cont'd)

Return

- “ermume
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1. Description of Input Routine (MAVRIK) Used By The Orbit Decay and Orbital Lifetime Program

The MAVRIK input routine is unique to the Computation Laboratory at MSFC. This routine allows
flexibility of input and is therefore well suited for engineering work.

Single precision floating point numbers containing up to 10 digits (sign, decimal, and exponent

excluded) may be input. Such numbers always contain a decimal point, are terminated by a comma, and
may be input in one of several forms. For example, the number 6378.168 may be input as follows:

6378.165, 6.378165E+03, 6.378165+03,
6.378165+3, 6378165, E-3, 637816.5-2,

Integers may also contain up to 10 digits (sign excluded). Integers contain no decimal points and
are terminated by commas as follows: 6378, 100, 71658,.

Double precision numbers may contain up to 16 digits (sign, decimal, and exponent excluded).
These numbers always contain a decimal point, are terminated by a right hand parenthesis, and may be
input in one of several forms. For example, the number 6378.16598765432]1 may be input as:

6378.165987654321) .6378165987654321D+04)

637.8165987654321D+1) 637816.5987654321D-2)

Alphanumeric information, as used in this program, may contain up to 6 characters. Each piece

of information is enclosed by left hand parenthesis and is left-adjusted in machine storage. Examples of
alphanumeric input follows:

ON CARD IN STORAGE
(ALPHA( ALPHAbD
(MASS( MASSbb
(bMASS( bMASSb

All input is loaded by code name followed by an equality sign. For example: MASS = 74812.,
ATMOS = (ARDC(. A complete listing of all input codes is given in the following tables.

LOAdNI W VYD0Ud YHILOdINOD O




2. Description of Parameters That May Be Input to The Lifetime Phase

Input Code Equation i Unit &
Symbol : Direction

|
| |

Nominal i Definition
Value l

Skl sk sk BALLIS TIC PAR_AME TERS skl

. > ,
AREA= (%5%(++, ++, A m | (ALPHA | Table of effective drag

++. 4+, ... (END( (1., 360., area values as a func-
(END( | tion of either angle of
' attack or time, %
. specifies whether area is
. a function of (ALPHA( or
(TIME(. The first value
after*%=* is the dependent
variable, AREA, followed
the independent variable;
. either ALPHA in degrees
! or TIME in hours, The
‘ table may contain up to
20 values of area (with
the corresponding 20 val-
ues of independeat var-
jable).

3¢

ATTACK=++. 44, a ' deg 1., 360., Table of angle of attack as a
++.++, .0 (END( (END( function of true anomaly.
First table value is the
dependent variable,qa ,
followed by the independent
variable, true anomaly, in
degrees. Table may contain
up to 20 values of g (with

the corresponding 20 values
of true anomaly.
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Input Code

Equation
Symbol

Unit &
Direction

Nominal
Value

Definition

CDPRIM=++, ++, ++. +4,
... (END(

CD!

non~-dimensional

1.,0.,
(END(

Table of drag co-
efficients as a func-
tion of perigee alti-
tude. First value is
dependent variable,

CD, followed by inde-
pendent variable, peri-
gee altitude, in kilo-
meters. Table may con-
tain up to 20 values of
CD with corresponding
values of perigee alti-
tude. 1

CDA= (35 (++, ++, ++. +1,
... (END(

cycle s/orbit

When this table is input

the quantity CDA is com-
puted as some function of
AREA, ATTACK, COPRIM,
and N, #*#%kindicates the
sine function (SINE(. Other
functions could be added at '
a later time. The first
number in the table is N,
the number of cycles/orbit
made by the orbiting body.
The second number in the
table is time in hours at
which the next value of N
should be used. Table may’
contain up to 20 values of |
N with the corresponding
times.




LS

... (END(

;
i
!

MASS= (¥%%(++. ++, ++. +1,

There are three methods
for specifying mass.
Method one., *¥*gpecifies

!

I Input Code FEquation Unit & [ Nominal Definition

|; Symbol Direction i Value

| | | |

| " m(t) . see definition (CON(1., Orbiting mass function.
b

(RATE(, the first value

in the table is an initial
mass (Mp) in kilograms,

the second value is a mass
decay rate (i) in kilograms/
day, and the third value is

a final mass (Mjy) in kilo-
grams. If the mass decays
to (Mg) then the next decay
rate in the table is used a-
long with a new My. If an
(END( is found in the table
the last My is used as a
constant mass until the

run is completed. Table
may contain up to 20 values
of mand corresponding Mf.
Method two, *%% specifies
(TIME(, the first value in
the table is an initial mass
(M) in kilograms, and the
second value in the table is |
a time (t) in hours to change
to a succeeding mass (m).
If an (END( is found in the
table the last M is .
used as a constant mass un-
til the run is completed.
Table may contain up to 20
values of M and correspond-
ing times.
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Input Code Equation Unit & Nominal Definition
Symbol Direction Value

MASS (cont. ) Method three. *¥*%*gpecifies|
(CON(, the first and only
value in the table is the
mass in kilograms to be
used throughout the entire
run, For this option no
(END( is needed in the
table.

CN= (044, +4, CN non-dimensional (ALPHA( i Table of normal force

++. ++, .., (END( 1., 360.,  coefficients as a function

(END( . of either angle of attack

e ———_ 1 3 B A

or time. *%%*specifies whe-
ther cn is a function of !
(ALPHA( or (TIME(. The ‘
first value in the table is !
the dependent variable, C, !
followed by the independex%\{ a
variable, either &l in
degrees or time in hours.
The table may contain up to
20 values of Cyy with the
corresponding independent
variable,
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‘ Input Code

Equation
Symbol

Unit &
Direction

Nominal
Value

]

. Definition

DENSITY PARAMETERS

DATE=++. +4, ++.+4,
ot

ATMOS: (:{: Sk :}:(

month, day
year

kg/m3

(ARDC(

Calendar date to be used in
density calculation when
special density is desired.

Flag indicating atmosphere
to be used. Options avail-
able are:

(ARDC( 1959 ARDC At-
mosphere,

USSTD( 1962 US Standard
Atmosphere,

(POE( L MSC Atmosphere
Routine

(SMALL({ I.LMSC Atmos-
phere Routine

(SPECAR( Modified 1959
ARDC Atmosphere
(SPECUS( Modified 1962
US Standard Atmosphere

. CORREC=4+. ++, ++.
... (END(

DC

non-dimensional

1., 0., (END(

Table of density correc-
tion factors DC as a func-
tion of perigee altitude in
km. First value in table
is DC, second value is
perigee altitude. Table
may contain up to 50 val-
ues of DC and correspond-
ing altitude.
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Input Code Equation Unit & Nominal
Symbol Direction Value Definition

DIURN L= (se%k¥( Lt)‘ deg {(MEAN( Flag indicating diurnal (bulgg) effect
desired in special density calculations.
wkk=(MEAN(indicates a mean diurnal
effect where lag angle,kf', is set equal
to 75°. This effect corresponds to
9:00 a.m. local time for a lag angle
of 300, #¥¥=(NORMAL(indicates com-~
putation of diurnal effect as given by
special density equations.

ECLIPT=++. ++, deg 23.4436 Obliquity of the ecliptic. Used in com-
puting¢ '

KP=++. ++, ++. ++4,

... (END( KP kp 2.5,2000,, Table of monthly mean values of geomag-

(END|{ netic index, Table is input as a function

of decimal year. Up to 50 KP's and cor-
responding years may be loaded.
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Input Code ’ Equation ‘ Unit & ; Nominal Definition
' Symbol Direction 2 Value |

KP (cont.) : | Note: In the literature
| Kp is listed as Op, Ot,
! 1_5101+s"'1 9":90;
i however loaded values
are specified as a deci-
; mal number, e.g. 8.7.

lO"zzwatts/ ‘ 0. Table of monthly mean
.nnz/cycle/ values of Fjg, 7 These

sec values will be available
only for post flight pre-
dictions. The values are
loaded in the order Fjg, 7
decimal year, F}1Q, deci-
| 1 ; mal year etc. Up to 50 |

: values of F1g9.7 andcorre- '

! ! ! sponding years may be
; { loaded.

L — 3

FTEN=++, ++, ++. ++, |
... (END(

Fi0.7

FTENB=++, ++, ++. ++, 10-22watts/
.... (END( ; m?%/cycle/

sec

SEE BELOW Table of yearly mean val-
ues of Fjg 7 These val-
ues arc loaded in the order
-ETO. 7 decimal year, Fyg, 7

: g decimal year, etc. Up to

1 ; 50 values of -FTO. 7 and

I corresponding years may

l be loaded. The assembled,
nominal table is given be-
low.

Nominal Value of T 10- 7

243,6,1958,,230.7,1958.5,226.5,1959.,208.9,1959.5,180.5,1960.,161.,1960.5,130.8,1961.,104.8,1961.5,
99. 3,1962., 89.7,1962,5,382.7,1963.,80.8,1963.,5,77.9,1964., 70.,1964.5, 75.,1965., 80.,1965.5,131.,
1966.5,186.,1967.5,200.,1968.5,190.,1969.5,163.,1970.5,142,,1971,,128.,1971.5,108.,1972.5,94,,1973.5,

81.,1974.5,75.,1975.,75,, 1975, 5, (END(




¢9

Input Codce Equation Unit & Nominal Definition
Symbol Direction Value
SO=++. ++, So non-dimensional 220.0 Reference value of total

heating used in the com-
putation of special 59

| ARDC and 62STD densi-
| . ties. Normally the 100,

‘ ; ' value will be used but if
a D¢ curve derived for
some other heating value
is loaded then SO must
be changed to that total
heating value.

SA=++. ++, ss § non-dimensional 0. - Reference value of total
! heating used in LMSC

| Hunt Small density com-
| putation. If no SA is
loaded, program auto-

| matically computes

l this value.

#% SPECIAL INPUT sk

| PRINT = (#%( : (NORMAL( ' Flag denoting typc of out-

' put desired. (NORMAL(,
(SHORT(, (DETAIL( are
! the options available. Com-
: plcte description of each
option is given in the out-
f ‘ ' put section of this report.
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Input Code

Equation
Symbol

Unit &
Direction

Nominal
Value

Definition I

INTERA=++, 4+, ++.+4,

e 0 s

AN,

J

days

Table of up to 5 times ]
for which an interpola-
tion for apogee will be
performed, Apogee

values stored in table

form to be output at

end of run,

INTERP=++,+4, ++.++,

days

Table of up to 5 times
for which an interpola-
tion for perigee will be
performed. Perigee
values dtored in table
form to be output at
end of run.,

CUTOFF= (*>k>{:(++.++,

km from
earth center

(1(6378.166,

Flag denoting method

of terminating run, *%% !
indicates which para-
meter cutoff will be

made on. Three options
are available: (A(apogee
radius, (P( perigee radius,
(I{ earth impact., ++.++ is
the radius at which cutoff
is desired,

DANOM=++,++4,

v

deg.

10.0

Integration step size in
true anomaly to be used
in Simpson's rule inte-
gration around orbit.
Must be a multiple of 360.
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Input Code

Equation
Symbol

Unit &
Direction

Nominal
Value

Definition

DAPOGE=++.++,
++0++’ o e o0

SA

km

See table
at right.

Integration step size in
apogee used in RUNGE -
KUTTA integration. The
step size is a function of
apogee radius and is
loaded in the form of 8A,
A (km), 3A, A(km), etc.
Up to 5 step sizes and
the corresponding apogee
radius may be loaded.
The nominal, assembled
table is:

-5.,6778.,-10., 6578.,
-20., 0.,

sk CONSTANTS sksiesksiok

F=++, ++,

f

non-dimensional

298.3

Reciprocal of the flat-
tening of the earth,
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Description of Parameters That May Be Input to The Transformation Phase.

Input Code

Equation
Symbol

Unit &
Direction

Nominal
Value

Definition

The following constants, KERTH through DD, are input to the Transformation phase in double
These constants are common to

precision and are carried to the Lifetime phase in single precision.

both phases.

'KERTH=++. +4)

AE=++, ++)
- AO=++. ++)
BO=++, ++)
OMEGA=++. +1+)

JI=++. ++)

 HH=++, ++)

|
| DD=++, +4)

PHIO=++, ++)

LAMDO =++. ++)

K

R

e

AO

BO

krn?’/sec2

km
km
km
deg/hr

non-dimensional

deg.n

deg. w

398603, 2

6378.165

6378.165

6356, 784

15.04106705°

.162345D-2

. 575D-5

. 7875D-5

28.5

80.5

Earth gravitation constant.

Mean equatorial radius of
the earth,

Semi-major axis of Fischer
ellipsoid

Semi-minor axis of Fischer'
ellipsoid

Rotational velocity of the
earth,

Coefficient of the 2nd zonal
harmonic of the earth's
gravitational potential.

Coefficient of the 3rd zonal k
harmonic of the earth's !
gravitational potential.

Coefficient of the 4th zonal
harmonic of the carth's
gravitational potential.

Geodetic latitude of launch
pad.

Longitude of launch pad.
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I

Input Code

Equation
Symbol

Unit &
Direction

Nominal
Values

Definition

KAPPA=++. +4)

X G=++, ++)

L YG=++. +4)

' Z.G=++. )

XDG=++. ++)

YDG=++, +4)

 ZDG=++. +4)

TFM=++, ++)

i
XG

YG

72G

XDG

YDG

DG

1:Irn

deg. eofn

km

km

km

km/sec

km/sec

km/sec

105.

Launch Azimuth

X -component of position
due to gravitational ac-
celeration at transforma-
tion time.

Y -component of position
due to gravitational ac-
celeration at transforma-
tion time,.

Z-component of position
due to gravitational ac-

celeration at transforma- !
tion time.

X -component of velocity
due to gravitational ac-
celeration at transforma-
tion time.

Y -component of velocity
due to gravitational ac-
celeration at transforma-
tion time.

Z -component of velocity
due to gravitational ac-
celeration at transforma-
tion time.

Universal time of first
motion,




Coordinate Systems That May Be Input to the Transformation Phase

"Input Code [ Order of Unit & Definition
Input Direction
, EFE=++, +4+)++, +4)....) XE km Earth-fixed ephemeris system in order:
YE km position vector, velocity vector, universal
ZE km time, sidereal time.
XE km/sec
YE km/sec
\ ZE km/sec
, t hours
' e deg
. EFP=++4, ++)t+. ++)....) XEP km Earth-fixed plumbline system in order:
YEP km position vector, velocity vector, universal
ZEP km time, sidereal time.
f XEP km/sec
| YEP km/sec
ZEP km/sec
; t hours
’ ‘, 0 deg
: SEFE=++, ++)++, +1)....) | XS km Space-fixed ephemeris system in order:
YS km position vector, velocity vector, universal
ZS km time, sidereal time.
XS km/sec
YS km/sec
5 km/sec
t hours
| | ) deg
SEG=++, +4)++. +4)....) Rs km Space-fixed geographic system in order:
Vs deg range, geocentric latitude, longitude,
As deg velocity, azimuth, geocentric elevation.
Vs km/sec
as deg
£s deg
t hours
< 0 deg
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Input Code Order of Unit & Definition
Input Direction
EFG=++. +4)++. +4+). .. ) Re km Earth-fixed geographic system in
ve deg order: range, geocentric latitude,
e deg longitude, velocity, azimuth, geo-
Ve km/sec centric elevation.
ue deg
€e deg
t hours
0 deg
OET=4+. ++)++. +4)...) A km Osculating orbital element system in l
E non-dimensional order: semi-major axis, eccentricity, 1
OEMs=++, ++)++. +t)...) 1 deg inclination, ascending node, anomaly,
Q deg argument of perigee, universal time, k
OEE=++, ++)++. ++0...) V,M,E deg sidereal time. Anomaly may be input ’
w deg in any of three ways: True (OET),
t hours Mean (OEM), Eccentric (OEE),
6 deg
MOT=4+, +4+)++, ++). .0 ) A km Mean orbital element system in order:
E non-dimensional semi-major axis, eccentricity, inclina-
MOM=++, ++)++, ++). . . ) I deg tion, ascending node, anomaly, argu-
i Q deg ment of perigee, universal time, sid-
MOE=++, ++)++.++)...) § V, M, E deg ereal time. Anomaly may be input in |
j W deg any of three ways: True (MOT), Mean
t hours (MOM), Eccentric (MOE).
e deg
PLT=++, +4+)++, ++)...) Xpl km Platform coordinate system in order: |
Ypl km position vector, velocity vector, uni- |
Zpl km versal time, sidereal time. !
Xpl km/sec
Ypl km/sec
Zpl km/sec
t hours
8 deg !
|




Description of IOMET Flag Controlling Addition or Subtraction of Long and Short Periodic Terms in
Orbital Element Transformations A o e

INPUT CODE TOME T= (555 ( (ks

' NOMINAL VALUE IOMET=(SHORT ({(NOLONG(

If input is given in any system other than me an orbital elements, then the following conditions apply.

IOMET = (SHORT((NOLONG( Short-period terms are subtracted.
| IOMET = (NOSHRT({LONG( Long-period terms are subtracted.
 IOMET = (NOSHRT((NOLONG( No terms are subtracted.
IOMET = (SHORT((LONG( Both short and long-period terms are subtracted.

If input is in mean elements the above conditions apply with the exception that the periodic terms are
added instead of subtracted.

69



D. Computer Program Output Options

There are three formates for output available in the Lifetime program.

They are: short, normal, and detail. The following input cards to "MAVRIK"
produced a sample of each of the three types of output.

70

CN = (ALPHA(2., 360., (END(

DATE =4,, 8., 1964.,

AREA = (ALPHA(26.04, 360., (END(

MASS = (CON(6040. ,

MOT = 6618.567) .01211) 32.68) 81.4) 101,809) 60.407)
ATMOS = (ARDC(

PRINT = (SHORT(/

PRINT = (DETAIL(/

PRINT = (NORMAL(/

i. Short Output. (See computer output on following page. )



EARTH ZRBIT TRANSFERMATIEN

PR1B =  0.285000000000506000 02 DEG LAFDE =  0.8C5000000000000G0 62 OEG AZFIR = 0.1050000000000000D 03 DEG

A = 0.63781650000000000 G4 KM B8 = 0.63567839999995390 04 KM EMEGA = 0.15041€6705000000D 02 __DEG/HR
RADIUSS ~ 0.63781650000000000 04 KM KERTH = 0.39860320000000000 06 KM3/SLL2 U =~ 0.16234500000000000-02

H = 0.5750000000000000D-05 D = 0.78750000000000000-05 X6 = 0. _ KM

Y6 O = 7 0. ’ KM 26 = 0. - KM Xo6 = 0. KM/ SEC

YD6 =  G. KM/SEC 206 = 0. KM/SEC TFM = 0. HIURS
CINPUT IN _MET SYSTEM SHART NELENG . o o I .
PESITIEN (KM} VELECITY {(KK/SCC)  ANGLES (CEG)

EFP ——— - - . e .. L. . .. - & e e e s e e ———
XET =T7-0.3037077883473387D 04 YE = -0.1046142628496821D 04 113 =7 0.2505989924336480D 04

XDE =  0.5957246065928864D0 01 YDE = 0.1620505487157563D 01 I0E =  0.39827149189795430 01

PLT o - . . e
XPL = -0.30370778834733850 04 YPL = -0.1046142628496822D 04 IPLT = 0.25059899243364790 04

XDPL = 0.5979686903636678D 0l YOPL = 0.1850067816184628D 01 IDPL = 0.41057415233s642900 O1

EFE L

XEP = -0.26302375979548400 04 YEP = -0.59862995727152910 04 IEP = 0.10896894766029310 04

XDEP_ = 0.53181203429086350 01 YDEP = -0.31610772620431630 01 IDEP = =-0.3962580881258863D 01 -

SFE . . . L .
XS = -0.26302375979548400 04 Ys 8 -0.59862655727152910 04 15 = 0.10896£9476692931D 04

XDS = 0.5154648197067624D 01 YOS =  -0.333281772146815550 01 10S = ~-0.39625808812588630 01

TIME = -0. THETA = -0.

SFE S o e e e e e
R =  0.6628827615152297D 04 GCLAT =  0.94615942917960260 01 LENG =  0.24628C45601763250 03
Vs =TT 0.7749826367686954D Ol AZVS =  0.1213593542378151D 03 ELVS =  (.68844204099386370 00

EFG

R = 0.6628827615152297D 04 GCLAT =  0.9461594291796026D 01 L2NG =  0.24628C45601763250 03
VE T T2 T 0.734689462825618750 01 AZVE =  0.1232949670245073D 03 ELVE =  0.72620079920493150 00

gpE T T T T T T o T T T e
AXIS =  0.6620903163689641D 04 ECCEN = 0.1207474821557146D-01 INC = 0.32615834466220470 02

ASNDD = 0.81376057355369100 02 ARGPE™ = 0.65866222236963070 02 TANBM = 0.96376689682992690 02

EARAM =  0.9568865963933066D 02 MANCH = 0.9500023465684445D 02 i o L
MBE o o ) } R
AX1S = 0.66185609999999990 04 ECCEN =  0,121100C000000G000-01 INCT "= 0.32599999999999990 02

ASNED =  0.81399999999999990 02 ARGP = | 0.60406999999999990 02 TANEM =  0,1018090000000000D 03

EANEM = 0.10112897369097720 03 MANZM = 0.100448169559G7160 03

=1

T4

AUXILIARY CALCULATIENS

APBGEE =  0.32268390£42332060 03 KV PLRIGEE=  0.1627924309559598D 03 KM PERIZD =  0.8935613214091380D 02 MIN
RANGE =  0.40G580341323003530 04 KN ALY = 0.25126432309216€19D0 03 KM TPITCH =  0.89386929603982300 02 OEG

ECV = ~0.46419844888672120~02 KM/SFC  EEV = -0.32166479449530370 Cl KM/SLC _ NMAP2GEE=  0.3205528443699984D 03 KM
TFPERIGE=S 0.1€025115362999940703 KM~ THPERIBOT T 0.8Y31084l6115125207 027 MIN =~ DARGP = 0.11179298298297G90 02 OEtG/DAY
CASNSD = =-0.7393552656386070D0 01 DEG/DAY L
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EARTH SECOND HARMENIC 0.16234499£-02

___%*ess EARTH CENSTANTS sesus

R R )E=02 EARTH THIRD HARMONIC 0.575000C0E-05
TEARTH GRAVITAVIGHKU CenSTANT (KILEAETERS CUGBED/SECINDS SGUARED) 0.39860319€ 06
EQUATURIAL RADIUS (KILBMETERS) 0.63781650E 04

ELLIPTICITY 0.29830C00€ C3

#esss BALLISTIC PARAMETERS #sses

ANGLE BF ATTACK FUNCTIEN

ALPHATDEGREES]
0.

AERALY TOEGREES)
C.36000000€ ¢3

COEFFICIENT OF DRAG FUNCTIGN

CN
0.20000CCOE 01

" ALPHA (DEGREES)

G.36000000E 03

COPRIME

1.00000C00E™ CG ~

0.

EFFECTIVE DRAG AREA FUNCTIER

AREA{METERS SQUARED)

ALPHA{DEGREES)

_PERIGEE (KILBFETERS)

0.26040C00E 02

0.360000C0E 03

"MASS CENSTANTS 7777 e
INITIAL MASS(KILGGRAMS) 0.60399959E 04

#eaew DENSITY PARAMETERS

MBMTH= 0.40E 01

DAY= 0.80F 01

1955 ARDC ATM3SPHERE,

DENSITY C@RRECTIEN

BC

YEAR 0.1964E 04

PERIGEE (KILBMETERS)

DAYS ELAPSED SINCE DEC. 31 , 1957 0.22859999%E 04

0.12000000E-00C
0.13000C00E-00
0.14200C00E-00
0.18400C00E-00
T0.22000C00E-00
0.27500C00£-00

0.500000C0E 03
0.400000C0E 03
0.34999999E 03
0.3000000CE 03
T0.279999S9E 03
0.2600C000E 03

0.30400C00F-00
0.34000C00E-00
" 0.38500C00E~00
0.42500C0GE~00

0.470C0C0CE~00 ~

0.52000000E 0C

0.56500C00E 00 0.190000G0€ 03

0.62000C00E 00
0.70C00C00E OC
0.80000C00E 00
0.84000C00E 00
0.86C00CCCE CO

T1.00000CG0E 00

1.00000C00E 00

Kp
0.23460CCCE 01

0.248C0CO0E 01

O 18900CC0IT 0T
0.2509969SE 01
0.297c0C0CE Cl
0.24199599€ 01
0.2%600C060L 01
0.255C0CCLT 01

0.250000G0E 03
0.23999999€ 03
0.23000000€ 03
0.22000000E 03
0.20999999€ €3
0.20000000E 03

0.180000CCE 03
0.16999999E 03
0.1600000CE 03
0.15499999E 03
C.1500000CE 03

_YEAR

0.1958C000E 04
0.19588000L C4

T0.14%0000CE7 037
0.

0.19588399E U4
0.19589999¢E 04
G.195910CCE 04
0.19%92000E 04
0.195930CCE 04
C.195%340006E G4




TT6l29206C0CE "o

0.315%89599E
T 0.34999G56E
0.24600C0CE

'0.289C0CO0E

0.25699599¢
0.23199599E

0.24400C0CE

" 0.34199699¢t
0.27899599E
0.29200C0CE
0.27100C00E
0.27500C006¢E
0.3229959SE

" 0.34400C00E

 0.24900C00E
0.22700C0O0E
0.23199599¢€

0.22899599E C

0.23993595¢C
0.26899699¢E
~0.2260CC00E
0.21799$99¢E
0.18493595¢

0.1919959GE

_ 0.14900C0CE
0.17299599¢
0.18099599E

" 0.2310GCOGE
0.16000C00EC
0.21799699E
0.26199599E
0.29399599E
0.30800C00kL

" 0.20100C00E
0.17500C00E
'0.17200C0OCE
0.15400C00€E

T 0.15099599E
0.18600C00E
0.208C0OCO0E
0.20599599€
0.22300C00E
0.23499S99E
0.32600C0CE
0.21999699€
0.20200C0CE
0.198C0COCE
0.20599599E
0.22099699¢€

" 0.21600C00E
0.22499699E
0.18099$99F
0.17299SY9E

To0.189c0Cuot

0.16900C00E
0.17600CGCE
0.167C0CO0E
0.90000C0CE
0.77000C0GC

T0.24999695C

0.2499963GF

FTEN
0.

TUEI19594955E TG4
0.195960C0E 04
0.195970CCE 04
0.1959800CE 04
"0.195990GCCE 04
0.19599959E_04
0.1960100CE 04
0.196020C0E 04
0.19603000€ 04
_0.1960400CE 04
0.19605000E 04
0.19605999E 04 _
0.19606959E 04
0.19608000€ 04
C.19609000E 04
0.19610000E 04
0.196110CCE 04
0.19611999E 04 _
C.19613000E G4
0.19614000E 04
0.196150G0E 04
0.1961600CE 04
0.19616999E 04

_0.19617999E 04
0.19619000E 04
0.19620000E 04
0.196210COE 04
0.196220C0€ 04
0.19622999E 04
0.19623999¢ 04
0.19625000E 04
0.19626000E 04
0.196270CCE 04
0.19628000E 04
"0.19628959E 04
C.196200C0E 04

" T6.196310GGE ¢

0.1963120CE
0.19632100E
0.19632900¢L
0.196338CCE
0.19634600E

0.196353S%E 04

06.19636200E
0.19637100E
0.196379C0E
0.196388G0E
0.19639600¢
0.196404CuE
0.196412GCE
0.196421CCE
0.196429CCE
0.196438GCE
0.19644599E

T0.19645400E (

0.19646200E
0.19647100C
0.19647899¢
0.196488G0C
0.19649569¢
T0.1965C000¢

C.2000G0C0c C4

YEAR

G,
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e eRb e e AL S e o o bt e o o

FTENG ™ 77 R T
0.24360C0CE €3 0.19580000E 04
0.230/030CL €3 0.195850GCE 04
0.22¢50C00f 02 0.19589999E 04
0.208S0CO0E C3 0.19594999E 04
0.18049599€ 03 0.19599999E 04

TO0.16100C0CE 03  0.1960500C€E 04
0.1307959SE 03 0.196100CGE 04

"0.10479999E 03 0.19615000€ 04
0.99300C00€ 02 0.196200CCE 04

" 0.89699599€ 02 0.196250CCE 04
0.82699599E 02- 0.196300C0E 04
0.80800C0CE 02 )9 9E

"0.19634999E 04

0.77899G99E 02
T0.70000C00E 02
0.75000000E 02

0.196399G9c 0G4
0.19645000E 04
C.1965C00Q0E 04

""0.87000C00E 02 '0.19655000E 04
0.13100G00E 03 0.19665000E 04
0.18600C00€E U3~ 0.196750CTE 04
0.20000C0GE 03 0.19684999E G4

TOJI9000COCE 03 7 " 0.19695000E 04
0.16300C00E 03 0.19705000E 04

T0.Y42C0C00€ 03777 77 0U197L0000E 04
0.12800C00E 03 0.19715000E 04

TO0.I0800TCOCE 03 U0.19724999€ G4

0.94000C0CE 02 0.19735000E 04
T0.80999%99€E 027 T 0.197450CG0E 04
0.75000C00E 02 0.19750000E 04

T 0.75000C000E° 027 T 0.19755000E 04

CITURNAL MEAN
e ot " sssss SPECIAL EVENTS ##sss

Tt T Tesesa INITIALU CENDITIONS #esee
TSHERT PRINTBUT
TANGMALY STEP(DLGREES) 0.99999999t 01
T PERIGEE RADIUS(KMY  ~
0.67780000E. 04
0.65780000E 04

TAPDGEE STEPS{KEY — T
~-0:49999599€ 01
T~0.99999G699E 01

_=0.20000C00E 02 _ 0.
o S T .
9. o O
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APCGEE,PERIGFL MAJZR AXIS,AND LARTH RADIUSIKM)
APZGEC,PLRIGEE,MAJZR AXIS RATESIKR/DAY) MASSUKG)
ASCENOING 11CDE,ARGURINT CF PERIGLLILCG)

TREDET PR TEEL REGRESSIRI RATLS UL G/DAYY
PERIGLE VELECITYEKM/SEC)

ERBITAL PERIZUIMIN

LIFETINE SPENTICRRBIT AND DAY}
RHB(KG/M31y EL(URLTLESSY, RIPLRG AND RIVAPGIKN)

KT TTOVEGIE TITEE T AT R T TGIESIEALETE 04 RXIS T 6L bE1E5670C 04 RADIUS 0.63734720E G4
ADET  -0.20172292t 02  PDUT  -0.400699G4L 0L AXID2T7-0.12089644E 02  MASS  0.60399999E C4
RGUE  0.81400000E (2 ARSP  0.60406999€ 02 DHIDE -0.73B0C376E 01 DARGP  0.11164444E 02

VPERIG 0.78563969C Ol  PLRIGE 0.£9310846€ 62  -DREIT C. TIME  ©. .
RH# 0.10019261C-08 €1 0.1211000C€-01  RIPERG C.1628184BE 93  RIPAPG v.32312018E 03
TR 0.636ET1780 04 P T T 0.636917730 06 T R[S T 04635894750 04 RADIUS G.637243T3F G4

ADET -0.459957540 11 POJT  -0.446000738C 11 AX1DET-C.45996245€ 11 MASS 0.6C399599E Q4
NE DE 0.51174578C 02 ARG P 0.10612672E 03 DHoOE -C.84419879E Q1 OARGP  0.12763567€ (2
VPERIG 0.7911651¢6L Cl PLERICD 0.64306248C 02 ZREIT  0.6C625867€ 02 TIME 0.372326%7c 0l
RHY 0.122543240L 01 Bl ~0.36066525£-C% RIPERG-C.596856L8E 01 RIPAPG-C.57626952k 0l
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 EARTH GRBIT TRANSFORMATIEN

PHIG = 0.2850C00000000000D0 02 DEG LAFDZ = 0.BC50000C000000000 02 DEG AZFIR = 0.10500060C000000000 03 DEG

A = 0.63781650000000000 04 KM B = 0.63567839999999990 04 KM gMEGA =  0.150410G67050000000 02  DEG/HR
TRADIUS=  0.637816500C0000000 04 KM KERTH =  0.39860320000000000 06 KM3/SkC2 J =  0.16234500000000000-02

H = 0.5750C0000C0000000-05 ) = 0.78750000000000000~-05 _ X6 = 0. . KM B
V6T = 04 KM 6 =" 0. KM x06 "= 7 0. KM/SEC

Y06 = 0. KM/SEC. 206 = 0. KM/SEC  TEM = 0. HZURS
INPUT IN MBT SYSTEM SHERT NOLENG _ L e e
POSITIEN (KM) VELECITY (KM/SEC)  ANGLES (DEG)

EFP e

TXE T =7 -0.3037077883473387D 04 YE = -0.10461426284968210 04 ~~ 2E = = 0.2505989924336480D 04

XDE = 0.59572480659288640 01 YDE = 0.1620505487157563D 01 IDE = (.3982714918979543D 0L

PLT o . _ .

TXPLT = T=0,30370778834733850° 04 YPL = -0.1C461426286968220 04 PL T = T0.2505989924336479D 06

XDPL = 0.59796869036366780 Ol YOPL =  0.1850067816184628D 0L IOPL =  0.410574152536429C0 0L

EFE

XEP = <-0.263023759719548400 04 YEP = -0,5986299572715291D J4 IEP =  0.10896€9476602931D 04

_XDEP =  0.53181203429086350 G1  YDEP = -0.31610772620431630 901 IDEP = ~0.39625808812588630 Ol e
SFE o i e
XS T =T S0026302375979548400 04 Ys = -0.57862995727152910 04 143 = (.1089689476602931D 04

XDS = 0.5754648197067024D 01 YDS = -0.33528772146875550 01 DS = -0.39625808812588630 01

TINE = -0. THETA = —0.

§pg— " e e e e e e e
R = 0.6628827615152297D C4 GCLAT = 0.9461594291796026D 01 LING =  0.24628C45601763250 03
NS T TR 0.7749826367686954D 01 AZVS "= 0.12135935423781510 03 ELVS = 0.68844204999386370 00

tFG -

R = 0.66288276151522970 04 GCLAT = 0.94615942917960260 01 LING = G.2462BC45601763250 03
"VE T . 73468946282618750 Ol AZVE =  0.12329456702450730 03 ELVE = 0.72620G7992049315D 00

7. ) . T Tt T
AXI$S =  0.6620$031696896410 04 ECCEN =  0.12074748215571460-01 INC = 0.32615834466220470 02

“AShED =  0.813760573553691007 02 ARGP =  0.65866222236963070 02 TANEV = C.96376689682992690 02

EANEM = 0.9568865963933066D 02 MANEM = 0,9500023465684445D 02 ~
MBE

AXIS = 0.,6618566999999999D 04 ECCEN =  0.121100C00000U0C0D-01 INC = 0.32599594999399990 02

ASNAD = 0.81399939999999990 G2 _ARGP = 0.60406955999999990 92 TANEM = 0.10180900000900000 03

EANDM = 0.10112897369097720 €3 FANTH = G.10044816955907160 03

AUXILEARY CALCLLATI2NS

APLGEL =  0.32268390842332060 03 KN PERIGEE=  0.16279243095595580 €3 KM PERICD = 0.83353132160913400 02 MIN
RANGE =  0.4G580341323003530 04 KM ALT = 0.25124323092168190 03 KM TPITCH = 0.39364L429503382360 02 DEG
ECV = ~0.46419844886672120-02 K¥/SEC  EeV = -0.32166479449530370 01 KM/SLC  PAPBGeE=  0.3209528453699904D 03 KM
MPERTSET  0016025715362999640703 7 KM 777 MpIRTeD=E 0,8931084 1611912520 €27 MINT 7 TTTCARGPE T =TT 8UA0179238298297030° 52 DEG/DAY

CASNAD = ~-0.73713552696386070C 01

DCG/DAY

z.

mo [ve3eq

¥



LL

Seees EARTH CCNSTANTS sevve

EARTH SECEND HARFENIC 0.16234499£-02 _  LARTH THIXD HARMONIC 0.57500000€-05 _ EARTH FEURTH HARMINIC 0.78749999E-05
TEARTH GRAVITATITNAL CEUSTANT (KTUSMETERS CUBEU/SLCLIDS SQUAREU) 0.39€60319E G4
EQUATORIAL RADIUS (KILZHETERS) 0.63781650E 04 ELLIPTICITY 0.298300C0E 03 R

e i e @seee BALLISTIC PARAMUTERS seass
ANGLE BF ATTACK FUNCTION
ALPHATDEGREES 1 ANUMALY(DEGREES]

0.  _ 0.36000000€ 03 o » . . i
_CBEFFICIENT BF DRAG FUNCTIZN ] ] o L . . o
CN ALPHA(DEGRCES)
0.20000C00E 01 0.36000000E 03
_CDPRIME PERIGEE (KILBMETERS) i I, o
1.000COCOCE 00 0.

"EFFECTIVE DRAG AREA FUNCTIBN
AREA[METERS SQUARED)  ALPHA(DEGREESI)
0.26040CU0E 02 0.360000€0€ 03

"MASS CBNSTANTS
INETIAL MASS{KILEGRAMS) 0.60399959E 04 R

seses DENSITY PARAMETERS sesss

MONTH= 0.40E 01 DAY= 0.80E€ Ol _  YEAR 0.1964E 04 CAYS ELAPSEU SINCE DEC. 31 , 1957 0.22899999€ 04 _
1959 ARDC "ATMZ SPHERE

“CENSTTY CERRECTIEN

[[4 PERIGEE(KILBNMETERS)
0.12000C00€E-00 C.500000C0E 03
0.13000C00E-00 0.40000000E 03
T0.Y4200000E-00 T 0.349999S9E 03 T T T T
0.18400000E-00 0.3000C000€ 03 o
T0.22000CACE-00 " 77T 0.27999959E 03 i ) ) CoTTTTT T
0.27500C00€-00 0.26000000E 03
0.3040GC00E=-00 0.250000C0E 03
0.34000C00E~- 00 0.239999G59€ 03 L
""0438500C00E-00°  ~  0.23000000E 63 o ) T T
0.42500C00E-00 0.22000000E 03 o ) .
“0.47000C00E-00 0.20999999E 03 ’ T ) ’ . i
0.52000C00€ 00 0.2000C0C00E 03 .
0.56500CGCE 00 0.190000CCE 03 -
~ 0.62000C00E 00 0.1800COCOE 03
"0.70000C00E 00 0.16995999¢ 03
0.800C0C0CE 0C 0.1600C00CE 03
0.84GO0COCE 00 0.15499959C 03
0.86000C0GE €O 0.15000000E 03 )
T.000C0C0O0E 00 0.14506000E 03 - -
1.00000C0CE 0C 0.
kP YEAR
0.23400C00L Gl 0.1956000CL 04
0.248C0CGCE 01 C.195880C0F 04
TO0.185C0C0LE 01T T TTOI1988Y 0 04 T T T T T
0.2505959%L (1 0. 195559556 04
0.,291¢0C0LT 01 6.12531000L 04
0.241955%40 1 C.19%920C 1 u4
0.256C00LOT0 1 159300t LA
0.2540000 ¢ (1 0.1 15542 7, ua



"0 Z9260COCE 01 Ci19594959E 04
0.31599999E 01 0.19536000E 04
"70.34999999E 01 0.19597000€ 04"
0.24600C00E 01 0.19598000E 04
TT0.28900C00E 01 7T 6.19599000E 04
0.25699599E 01 0.19599999E 04
0.2319959%E 01 0.19601000€ 04
0.24400C00E OI 0.196020COE’ 04

TT034199599E7 017 T 0.19603000€ 04"
0.27899999E 01 0.19604000E 04
T0.29200000E701 7 T 0.19605000E 04

0.19605999E 04
. . 19606999€ 04
0.3229999%E 01 0.19608000E 04
TT0.34400C00E°°Gl 7 7 0.196090COE 04
0.24300C0CE 01 0.19610000E 04
T 0.22700C00E° 01 ~ '0.19611000€ 04
0.23199999E 01 0.19611999E 04

T0.22899599E 01  0.196130C0€ 04
0.23999$99E 01 0.19614000E 04
TT0.26899999E 01 "7 0.19615000€ 04
0.22600000E 01  0.19616000E 04
TT0.21799599€ 01 0.19616999E 04
0.18499599E 01 0.19617999€ 04
0.19199999E 01 0.19619000E 0%
0.14900C00E 01 0.19620000E 04
TT0.17299599E 01T 7T GL19621000€ 04~
0.18099999E 01 0.196220C0E 04

0.27100C00E 01

TT0L.23100C00E" 0L 7 T T0.19622999E 04
0.16000000E Q1 0.19623999E 04
0.2T799%5%9€E 01 0.19625000€ 04
0.26199999E 01 0.196260C0E 04

TT0.29399S99E 0L T T T 0.19627000E 04

0.30800C00E 01 0.196280C0E 04
T70.20100C00E 01 7 T 0.19628999E 04
0.17500000E 01 0.19620000E 04
~0.17200C00E 01  0.19631000c 04
0.15400C00E 01 0.19631200E 04
TT0.15099999E 01 0.19632100E 04
0.18600C00E 01 0.19632900E 04
T 0.20800C00E 01 0.196338C0E 04
0.20599599€ 01 0.19634600E 04
0.22300C00E 01 "70.196353G9E 04
0.2349959%E 01 0.19636200E 04
T0.32600G00E 017 7 0.196371COE 04
0.21999599€ 01 0.19637900€ 04
""0.20200C00E Cl1 '0.19638800€E 04
0.19800C00E G1 0.1963960CE_ 04
T0.20599699€ 01 C.19640400€ 04
0.22099599E 01 0.19641200E 04
" 0.216000V00€ 0! 0.196421 COE 04
0.22499595E 01 0.19642900€ 04
" 0.18099599E Ol 0.19643800F 04
0.17299999E 01  0.19644599C 04
T0.18900C00C 017 T 0.19645400E 04

78

0.16800C0CE G}

" 0.17800COCE ¢l

0.16700C0CF 01

" 0.900060C0CE .0C

0.77000C0CE 0O

FTEN
C.

TOLY49995Y9C C
© 0.24999599E 01

0.1964520CE 04
0.196471G0E 04
0.19647833E 04

" T0.1964 88COE 04

0.19649599E 04

TCLT96500CCE 04
0.2000000GE C4

YEAR
0.



i
|

I
FTENB Y AR

g PO SSI VU SIUOR A WS

VOGRS WL VPD N § RNV R snes S

0.24360C00E 03 _ 0.19580000€ 04 o
T'0.23070C00E 03 "0.19585000E 04
0.22650C00E 03 0.19589999E 04 . I
T0.20890000E 03 T 0.19594999E 04
0.18049599E 03 = 0.19599999€ 04 o .
0.16100CC0€ 03 0.1960500CE 04 -
_0.13079999€E 03 _0.19610000E 04 e .
0.10479999E 03 0.196150G0E 04
_0.99300C00E_062 ____ 0.196200CO0E 04 .
0.89699999E 02 0.19625000€ 04
0.82699599E 02 _  0.196300C0E 04
0.80800C00E 02 0.19634999E 04 -
0.77899S9%E 02~ 0.19639999E 04
“0.70000C00E 02 0.19645000E 04
0.75000C00€ 02  _ 0.19650000E 04 L
T0.8T7000C00E 02 0.19655000€ 04
0.13100C00E 03 0.19665S000E 04
0.18600C00E 03~ 0.19675000€ 04
0.20000C00E 03  0.19684999E 04
“0.19000000E 03 0.19695000€ 04
_0.16300C0CE 03 0.19705000E 04
"0.14200C00E 03 0.19710000CE 04
_0.12800C00E 03~ 0.19715000E 04 _ o
0.10800C00E 03 0.19724999E 04 o
0.94000000E 02 _ 0.1973500CE 04
T0.809%9599€ 02 0.19745000€ 04
0.75000C00E 02 0.197500Q0CE_04__ _ o
T0.75000C00E 02 0.19755000E 04

- asees SPECIAL EVENTS sawss’
EARTH IMPACT CUTEFF T

“sewss INITIAL CENDITIANS seene

DEVYAIL PRINTBUT

ANGMALY STEP{DEGREES) 0.99999999F 01

APJGEE STEPS(KN) " T PERIGEE RADIUS(KM) ™
-0.4999999%E Ol 0.677B0000E 04
-0.99999599E 01 0.65780000E 04
~0.20000C006€ 02 0.  __

' 0.

0. . 0.

79



08

APDGEE,PERIGEE \MAJOR AXIS,AND EARTH RADIUSIKM} L
APBGEEPERIGEE MAJBR AXIS RATES(KH/DAY) KASSIKG)

ASCENDING NBDE,ARGUMENT €F PERIGLE(DEG)

TNIUE,PERIGEE REGRESSTL RATESTUEG/DAY]

PERIGEE VELECITY{KM/SEC)

PRBITAL PERIGDININ}

LIFETIME SPENT(ORBIY AND DAY}

RHB(KG/M3), EI(UNITLESS),

RIPERG AND RIPAPG{XM}

0.63734720E 04
0.6039399%E C4
O.l1164444E G2
0.

0.32312018E G3

C.63729899E G4
0.60399999€ ‘04
0.11199737€ 02
0.47668843E-00
0.31368445E Q3

) 0.6698717TGE 04 P 0705384161E 04 AXIS  C.661B5670E 04  RADILS
ADQT -0.20172292E 02 PDAT -0.4G069964E Ol  AXIDOBT-0.12089644E 02  MASS
N@OE  0.8l40000GE 02  ARGP  0.60406999E 02  DNZDE -0.73808376E 01  DARGP
VPERIG 0.78563969E Ol  PERICD 0.89310846E 02  @RBIT C. TIME

TRH@ T T0.16019261E-08  El 0.12110000E~01  RIPERG 0.16281B48E 03  RIPAPG

) D.668BTLTBE 04 P 0.65363847€ 04  AXIS  0.66125512E 04  RADIUS
ADPY -0.21854386E 02 PDAT ~0.45366886E 01  AXIDET-G.13195537E 02  MASS

TNBOE TT0LT77411008702 TTARGP  0.65941543E 02  DNZDE -C.74041695E 01  DARGP
VPERIG 0.7855G523F 01  PERIBD 0.89189111E 02  ZRABIT C.76963580E 01  TINME

TRHET TT0.10763352e-08 ET1 T0.11518484E-01 RIPERG 0.16103314E 03  RIPAPG

x P.66787L78E 04 P 0.65362648E 04  AXI§5 C.66064913€ 04 RACIUS
AD@T =-0.23836359E 02 PD3T -0.515B0800E Ol  AXID2T-C.14497220E 02  MASS

TNBDE T T 0.74353144E 02 ARGP 0.71066251€ 02  DNZCE -0.74277838t 01 CARGP
VPERIG 0.7853B398E 01  PERIBD 0.89066537€ 02  JR3I(T (.14785457€ 02  TIME

TRHBT T 0,.11652293E-08  EL "0.10932652€-01  RIPERG C.15911090€ 03  RIPAPG

) 0.66687178E 04 P 0.65320580€ 04 AX1S  C.66003878¢ 9%  RADIUS
ADPT  -0.26187366 02 PDAT -0.58897937E 0L  AXID2T-0.L60385T9E 02  MASS
NODE™ 0.71236986E 02  ARGP  0.75779830E 02  ONUCE -C.T4516770E J1  O0ARGP
VPERIG 0.78527560E OL  PERIBO 0.88943137E 02  QREIT C.21272498E G2  TIME
RHE 0.12720751E~08  EI 0.10352410E-01  RIPERG 0.15705157c 03  RIPAPG

) 0.665871T8E 04 P 0.65297680E 04  AXIS  0.65942429E 04  RACILS 0.63721424€ T
ADQT  -0.29008224€ 02 PDAT -0.67591456E Ol  AX(DIT-Q.LT883664E 32  MASS
NODE ~"0.68391461E 02 ARGP 0.80084042E 02 DNUDE -C.74758501F ul VARGP
VPERIG 0.78517914E 01  PERIGD 0.88818957E 02  ORBIT Q.27161858E 02  TIME
RHO~ T70.14009906E-08 EI 0.97774551E~02  RIPERG C.15486291F 03  RIPAPG
A 0.66487178E 04 P 0.65273999E G4  AXK(S  C.65688058BE 04  RADIUS
ABBT  ~0.32431474t 02  PO3T -0.78004355t OL  AXIDET-0.201159%4E 02  MASS
NBDE ~~ 0.65814312E 02  ARGP  0.83982302¢ 02 ON.DE -0.75002896€ 01 DARGP
VPERIG 0.78509342E 01  PERIBD 0.88694043F 02  BR3IT C.32462037€ 02  TIME
RHE - 0.15571679€-08  E1l 0.92074110E-02  RIPERGL 0.15255591F 03  RIPAPG
A 0.663871718E G& P 0.65249590E 04 ~ AXIS  0.65818384E 04  RADIUS ©
ADPT  ~0.36582107€E 02 PDAT -0.90565055C Ol  AXID3T-C.22819306E 02  MASS
NBDE  0.63501654C 62  ARGP  0.87480488E 02  ONIDE -0.75249887C 01  DARGP
VPERIG 0.78501709L 01  PrR18D 0.£8568456€ 02  ORHBIT G.37189028€ 02  TIME
RHE 0.17472959e~-08  EI 0.864187649E-02  RIPERG C.15014362E 03  RIPAPG

TATTTTTTTO662BTITBU G4 T P TT T T 0.652245G4€704 T AXTST  C.65759841E G4 KAGIUS
ADBT  =-0,41668416C 02  PDET ~-0.10584679t 02  AXIBCT-0.26126547E 02  MASS
NEDE  0.61444640E 02  ARGP  0.902919798 02  DNiDL -C.75499392¢ 01  DARGP
VPERIG 0,.78494LS2E O  PERIBE 0.28442247¢ 02  BRLIT C.41366296E 02  TIME
RH 0.198017656-08 ~E1 0.80804481C-02  RIPERG C.14763916E 03  RIPAPG
TATTTToI6618TLIEE LA T TT0L6519880/0 040 AXIS 0765692993t G4 RACIUS
ADCT  ~0,4600CLLOPE 02  PUST -0.12472%27L 02  AXICST-C.3023)567E 02 MASS
KOLE  0.9%9635273C0 02 ARGP 0.93332716L 02 DILOL -C.75751306L 01  DARGP
VPERIG C. 724887578 OL PLRI{O 0.0831%4800 02 £RUIT  0.4%016393C 02 THRC
RHD 0.27070910L-08  E1 0.75226466L-02  RIPLRG 0.14%05602E 03 RIPAPG

0.63726118E 04
0.60399999€ 06
0.11235456€ 02
0.9151617LE 00
0.3C412115€ G3
€L63723729E 04
0.60399999E C4
Q.1127160Q€ Q2
6.13158407€C 01
0.29444018E 03

G.60393939€ (4
0.11308163E C2
0.16730955€ C1
0.284635612E (3

0.03723265E T&
©.560393399C C4
0.11345130€ ¢2
0.20055498t C1
0.27478613E ©3

0.63713703€ G4
0.60399999¢ 04
0.11382490E (2
0.22962B75E Ol
0.26684796E 03

0.63719%90E 04
0.60397999€ G4
0.11420231E 02
0.25524480L 01
0.25485864€ 03

VJo3/157938 04
0.£0399999E C4
0.11458337E (2
0.27768318t 01
U.Z4483331C ©3



ADRY -—0.55973225t ©2
NBDE ~ 0.58054795E 02
VPERIG 0.78483187E 01

T 6608 1178E 04T

RHD™  0.26253967C-08
A 0.65987178E 04
ADAT -0.66103C96E 02
NBDE =~ 0.56696904E 02

VPERIG 0.78478073E 01

RH2  ~ 0.30758083E-08
A 0.65887178t 04
ADST -0.79264738E 02
NOUE '0.55543222€ 02

VPERIG 0.78473331E 0Ol

RHY 0.36504593E-C8
A 0.65787178E 04
ADOT -0.96654691c 02
NODE 0.54577845E Q2

VPERIG 0.78468911€ Ol

RHP 0.43957919E~08
A 0.6568T178E 04
AD2T -0.12024515€ 03

NODE = 0.53783459€ 02
VPERIG 0.7846480Ct Ol

RH2 '~ 0.53830783£-08
A 0.65487178E 04
ADBT -0.20129748E C3
NBOE ~T0.52502GC15£ 02

VPERIG 0.78457771E C1

RHP T 0.86214397E-08
A T 0.65287178L 04
ADDT  -0.39824621E 03
N8DE  0.51731255E 02

VPERIG 0.78453854L O1

RH@ "0.15900792E-07
A 0.65087178E 04
ADOT -0.1118687SE C4
NZDE ~ '0.51338927t €2

VPERIG 0.7845654CE Ol

RHB™ 0.39444161C-07
A 0.648B7178L 04
ADYT -0.70584279t C&4
N@DE  0.5119£246€ 02

VPERIG 0.7€473248E 01

RH@ 0.18488389C-C6
AT 0.64687178C G4
ADST  ~-0.13953651E 06
NODE 0.%117577¢8C 02

VPLRIG 0.78536133E Ol

RH 0.26460587E-05
AT 70644871788 Ca
AD3T  ~0.34850655%60 07

e

N DE 0.9511 74630 (2
VP eR1G 0.706350064., 01
Rt 0.6"21040400-C4

P 0651 13561E 704
PDET -0.14833832E 02
ARGP  0.95719543E 02
PERIED 0.8B188218E 02

El 0.69680004E-02
[ 0.65145827€ 04
PD3T -0.17819200E 02
ARGP  0.97773523E 02

~ PERIBD 0.88060527E 02
El 0.64160102E-02
P 0.65118655€ 04
PDAT ~-0.21702515€ 02
ARGP  0.99518611E 02

PER1OD 0.87932458E 02

EI 0.58663261€E-02
P 0.65091074E 04
PDAT -0.26856437¢ 02
ARG P 0.10097887€ 03

PERIZD 0.87804039€ 02

El 0.53187103€-02
P 0.65063073E 04
PDBT -0.33940001E 02
ARGP  0.10218047€ 03

PERIBD 0.87675259E 02

El "0.47732574E-02
P 0.65005544E 04
PDOT -0.59263927E 02
ARGP  0.10411882€ 03

PERIBD 0.B7416356E 02

El 0.36908918E-02
(4 0.64944185E 04
PDAT -0.12856697E 03
ARGP 0.10528468€ 03

PERIZD 0.87153862E 02

El 0.26337263£~-02
[4 0.648B75169E 04
PDET -0.41531130€E 03
ARGP 0.10587813E 03

PERIBD 0.86883955E 02

El 0.16313130E-02
[4 0.64790406E 04
PD2T -0.360614551E 04
ARGP 0.10609093E 03

PERIBD 0.86598551E 02

El 0.74624963E-03
TP 0.6465474TE 04
PDJT -0.11068825E 06
ARGP  0.10612491L 03

PLRIOD 0.862625400L 02

El 0.25074344£-03
P " T0.644T8089E 04
POJT  ~0.32740617%L 07
ARGP 0.10612664L 03
PLRIZE 0.04%886006¢0 02

[ 0.7CATI0YLE-UA

PRSP

AX

DNIDE —-0.76005523E

_ORBIT €.4817460SE
RIPERG 0.14240667E
AXIS  0.65566503E
AXI{DAT-C.41961148E
DNZDE -C.76261927E
BREIT 0.50869267E
RIPERG 0.13970275E
AXIS  0465502916E
AX[DBT~G.50483626E
DN20E -0.76520441E
ZRBIT 0.53137720E

RIPERG 0.13695270€

AXIES C.65439127E
AXIDBT—0.61755563€
DNZDE -0.76781022E

PREIT 0.55017389E
RIPERG 0.13416217€
AXIS  Q.65375125E
AXIDAT-C.77092577€
DNCDE ~Q.77043711E
ZREIT 0.56546763E

RIPERG C.13133202¢€

AXIS 0.65246361E
AXI00T-0.13028070E
DNCLE -C.77576034E
GREIT C.5870Q09557€
RIPERG 0.12552423E

AXIS C.65115681E
AXI[02T-C.26340659E
DNZDE ~C.78121534E
BRBIT 0.59921826L
RIPERG G.11935028E

‘AX 1S C.64981174E
AXIDBT-0.76699963E
DNCDE ~C.78638589E
ZRAIT  0.60463034E
RIPERG 0.112426G8E

AXILS C.648387192¢c
AXIDZT-0.53599416E
DN UE -0.79295006E
GRBIT C.60608292E
RIPLRG 0.10393823¢

AX1S C.64670962¢t
AXID4T-C.12511238¢k
0NIBE -0.80017868t
BRBEIT  0.60625134E
RIPERG 0.90364990E

AXES T C.644820634C
AXIDET-0.338010666L
DilDE ~C.90839223C
“RYIT €C.60623828E
REPLIG C.T7269232820

02
ol

.oz

03

04
02
‘01
02

03

04
02
ol
02

03’

04
02
01

02
03

04
02
gl
02
Q3

04

03
o1
a2
03

04
Q93
01
02
03

04
03
01
02
03

04
04
o1
02
03

04
‘06
01
02
02

04"

07
o1
02
02

L s it A e e i ik it a2 e e g b e Tk oF bt e e D
Is C.65629869E 04 RADILS“O.53720200E 04
. _AX1D00T-0.35403528¢E

MASS  0.60399999E 04
T DARGP T 0.11496790E 02
TIME  0.29701240E Ol
‘RIPAPG 0.23478466E 03
RADIUS 0.6372071L9E G4
MASS  0.60399999E 04
"DARGP T 0.11535574E 02
TIME  0.31349111E 01
TRIPAPG 0.22472332E 03
RADIUS 0.63721281E 04
MASS _ 0.60399999E 04
" DARGP T 0.11574678E 02
TIME 0.32734323€ 01
RIPAPG 0.21465692E 03
RADIUS 0.63721834E 04
MASS 0.60399999E 04
DARGP 0.11614094E 02
TIME 0.33880452€ 01
RIPAPG 0.20459143E 03
RADILS 0.63722347E 04
MASS 0.6C399999E C4&
DARGP G.11653829€ C2
TIME 0.34811621E 01
RIPAPG 0.19453058E 03
RADILS 0.63723277E C4
MASS 0.60399999E G4
DARGP 0.11734350€ 02
TIME 0.36124563E 01
RIPAPG 0.17441961E C3
RACIUS 0.63723896E Cé&
MASS 0.60399999E 04
DARGP 0.11816864E §2
TIME 0.36858271E 0l
R{PAPG 0.15434387TE C3

RADIUS 0.63724229E Cé&

MASS 0.60399999E 04
DARGP 0.11902638E 02
TIME 0.37184814E 01
RIPAPG 0.13430102€ 03
RADIUS C.63724351E 04
MASS 0.60399999E C4
DARGP  0.11934366E 02
TIME 0.37272170€ C1
RIPAPG 0.11428174E ©3

" TRACIUS 0.63724370€E C4

MASS 0.60399999E 04
UARGP  0.12103708E 02
Tkt 0.3712pR2259¢ 01

RIPAPG 0.94273559€ C2

TRADIUS 0.63724373F C4

MASS 0.6C399999C C4
DARGP  0.1222171948E 02
TIME 0.372220713L G}

RIPAPG 0.742066540E_02
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TATTTTTTOTERFETITE e T

ADET  -0.36040654E 08
NBDE  0.51174583E 02
VPERIG 0.78752603C ¢l
RH2

0.72545402E-03

PTTTTTT0T64284948E 04
PUBY ~0.35568516E 08
ARGP ~ 0.10612672€ 03
PERIED 0.85493578E 02

PUTRRN

s v ey

RADIUS 0.63724373¢ 04

AXIS” T0.64266662E G4
AXIDBT-C.35804585E 08

" DNZOE -C.81708138E 01

EL 0.17350844E-04

OREIT 0.60625864E 02

MASS © 0.60399999€E
DARGP 0.12359383E
TIME 0.37282695E

RIPERG 0.53371032€E 02 ~RIPAPG 0.54259277E (2
A 0.64087178E 04 P 0.64086128E 04 AXTS C.64086653E Q4 RADIUS 0.63724373E 04
ADBT -0.5752221CE 09  PDAT -0.57563592E 09  AXIDCT-C.%7542901€ 09 MASS  0.60399999E 04
"NBDE T 0.SI1T4ST9E 02 ARGP ~ 0.10612672& 03 ~ ONZDE -0.82601909€ 01 DARGP  0.12494577E 02
VPERIG 0.768874360S Ol PERIGD 0.85096096E 02 PREIT 0.60625867E 02 TIME 0.37282697E 01
RHg 0.10391000£-01 £l 0.81952714€-05  RIPERG C.33481811€ 02 RIPAPG 0.34251953E 02
A 0.63887178€ 04 P 0.63887154E 04 AXIS  C.63887166E 04 RADIUS 0.63724373E 04
ADRT -0.12913613E 11 PDBT ~0.12713984E 11 AXID27-C.12813799E 11 MASS  0.60399999E C4
"NBDE T 0.511745788 02 ARGP 0.10612672€ 03 ONZIDE -C.83508641E 01 DARGP '0.12631731E 02
VPERIG 0.78996825E 01 PERIBD 0.54699079€ 02 ARBIT 0.60625867E 02  TIME  0.37282697E Ol
RHE ™~ T0.24382363E~00 [ 3] "0.18629493E-06 RIPERG 0.13577026E 02 RIPAPG 0.14244629E 02
/) 0.63687176¢€ C4 P 0.636917T3€ 04 AXTS 0.63689475€ 04  RACIUS 0.63724373E 04
ADUT  -0.45995754€ 11 PDIT -0.46000738E 11 AXID2T-C.45998245E 11 MASS  0.6C399999E 04
"NBDE T 0.51174578E G2 ARGP 0.10612672€ 03 DNIDE -C.846419879E Ol ~ DARGP (0.12769567¢ 02
VPERIG 0.79116516c C1  PERI1GD 0.84306248E 02 BREIT 0.60625867E 02  TIME  0.37282697E 01
"RHZ2T T 0.12254324€ 01 El ~ ~0.36066525E-04 RIPERG-C.59685668E 01 ~ RIPAPG-0.57626952E Ol
A 0.636B7178E C4 P 0.63691T73€ 04 AXTIS C.635689475E 04 RADIUS 0.63724373E 064
ADPT -0.45995754E 11 .PD2T -0.46000738E 11 AX1D27-0.45998245E 11 MASS G.60399999€ G4
"NGDE T 0.51174578E 02 ARGP 0.10612672E 03  DNEDE -0.84419879E 01 DARGP 0.12769567E G2
VPERIG 0.79116516E 01 PER12D 0.84306248E 02 2RBIT 0.60625867TE 02 TIME 0.37282697E 01

RHB 7770412254324 017

[ | -0.36066525€E-04

RIPERG-0.59685668E 01

RIPAPG-0.57626952E
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EARTH ERBIT TRAKRSFCRMATIEN

PRT# =  0.2850000000006C0007 02~ DEG Ua¥Deg = 0.8C5000000600000000 02 DOEG AZFIR =  0.10500000000000000 03 DEG

A = 0.63781650060000000 G4 KM 8 = 0.63567839999995990 04 KM BMEGA = 0.15041C67050000000 02 DEG/HR _
RADIUS=  0.6378165000000000D 04 KM KERTH = 0.39860320000000000 06 KM3/S5LC2 J = 0.16234500000000000~02

H = 0.5750C0000C00000GD-05 D = 0.7875000000000000C-05 ] X6 = Oe kM
Y6 = 0. KM G = 0. KH x06 = 0. KM/ SEC

Y6 = GC. KM/SEC 2DG = 0. KM/SEC  TFM = 0. HIURS
INPUT IN MET SYSTEM SHORT NELPNG B ~ _ : e
PBSITIEN (KM) VELECITY (KM/SLC)  ANGLES (DEG)

EFpP e
XE = -0.3037077883473387D 04 YE = -0.1046142628496821D 04 43 = 0.25059£9924336480D 04

X0E = 0.59572460665928864D O} YOE =  0.16205054871575863D 01 IDE = 0.39827149189795430 01

PLT . - . R
XPL = -0.30370778834733850 04 YPL = -0.1046142628496822D 04 IPL = 0.25059893243364790 04

XDPL = 0.59796869036366780 Ol YOPL =  0.1850067816184628D 01 IOPL = 0.410574152535642900 01 o
EFE o o e -

XEP = ~0.26302375979546400 04 YEP = -0.5Y862955127152910 04 TEP = 0.10896894766029310 04

XDEP = 0.53181203429086350 01 YOEP = =~0.3161077262043163D 01 I0EP = ~-0.3962580881258863D 01 i .
SFE_ I . o e

XS = -0.26302375979546400 04 Ys = -0.5986265572715291D 04 s = 0.1089689476692931D 04

XDS = 0.5754648197067024D 01 YDS_ = -0.33528772146875550 01 10S = _-0.39625808612%8863D 01

TIMNE = -0. TH{TA = -0.

SFg- T T T T B T o
R = 0.6628827615152297D 04 GCLAT = 0.94615942917960260 01 NG = 0.24628(45601763250 03
Vs = 0.77498263676869540 Ol AZVS = 0.1213593542378151D 03 ELVS =  C.6BB44204099386370 00

EFG -

R = 0.66288276151522370 04 GCLAT = 0.9461594231796026D 01 LENG = 0.26628C45601763250 03
VE = 0.73468946282518750 Ol AIVE = 0.1232349670245073D 03 ELVE =  0.7262067992049315D 00

20 E -0 T TTT T T e
AXIS =  0.66209031696896410 04 ECCEN =  0.17074748215571460-01 INC = 0.32615834466220470 02

ASNDO = 0.81376057355369100 02 TARGPT =TT 0U6u86622223696307D 02 TTANDGM = 0.96376689682992690 02

EANDM = 0.9568865963933066D 02 MANSM = 0.9900023465684445D0 02 .
V2 E ) o
AX1S =7 0.6618566999999939D 04 ECCLY = 0.121106C0000006000-01 INC = 0.32599999999999990 02

ASNBD =  0.81399999999999990 02 ARGP = 0.6C406999999999390 02 TANEM = 0.1018090000000000D 03

EANCN = 0.1C112897369097720 03 MANCM = 0.1304481695590716D 03

AUXILIARY CALCULATIENS T
APBGEE =  0.32268390£4233206D0 03 KV PLRIGEC=  0.16279243095595980 €3 KM PERICD =  0.8935E132140913800D 02 MIN
RANGE = 0.4G580341323003530 04 KK ALT = 0.25124323092168190 03  KH TPITCH =  0.8938692960398230D G2 DEG

ECV = -0.40419844826672120-02 KF/SFC  ELV = =0.32166479449530370 C1 KK/SLC_ MAPZSEE=  C.32055284635699984D 03 KM
MPERTGLET  0.160251153629499940 03 'KV 7 KPLRISD=""70.893{0641611512520 02~ "MIN DARGP = 0.1117929829€297G90 02  OEG/DAY
CASNDD = =-0.73935526903860700 Ol DEG/DAY

Y

A0 TeWION
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seues EARTH CENSTANTS ®aeer

EARYH SECOND HARMINIC 0.162344990~02

EARTH THIRD HARMZNIC 0.575000C0E-05

EARTH FEURTH

HARMENIC 0.78749999E-D5

TEARTH GRAVITATIEIAL CERSTANT (KILUMETERS CUBED/SECENES SGUARED) 0.33860319E 06

EQUATYRIAL RADIUS (KILOMETERS) 0.63781650E 04

ersse BALLISTIC PARAMETERS seses’

ANGLE BF ATTACK FURCTIEN

ELLIPTICITY 0.29830C00E €3

“ACPHATDEGREES] EReMATYTDEGREES)
0. C.360000C0F 03
CBEFFICIENT BF DRAG FUNCTIGN

CN ALPHA{DEGRLES)
0.20000CC0OE 01 C.360000C0E 03

_CDPRIME B  PERIGEE {KILEFLTERS)
1.00000C00E™ CC 0.

AREA(METERS SQUARED) ALPHA(DEGREES)

G.26040C06E 02 0.360000C0E€ 03

MASS CENSTANTS
INIT1AL MASSIKILEGRAMS) 0.60399959E 04

2es2e DENSITY PARAMETERS sssss

MBNTH= 0.40E 01 DAY= 0.80E O}
1959 ARDC ATMZSPHERE

YEAR 0.1964E 04

DENSITY CBRRECTIEN
nc PERIGLE (KILBPETERS)

0.12000C00E~00 C.500000CCE U3
0.13000C00E~-00 0.4000COCOE 03
0.14200C00E-GO 0.34999999E 03
0.18400C00E-00 0.300000QCE 03
"0.22000C00E-00

0.279999S9E 03
0.27500C0CE-0C G.2600G0COE 03
0.30%00C0CE-CGC

"0.25000000F 03
0.34000C00E~0C 0.23999999E 03
0.385C00C00E-G0 0.23000000€ 03
0.42500C0GE-00 0.220000C0E 03
0.470C0COCE~00 "~ 0.20999999E 3
0.52000C00E OC 0.20000000E 03
0.56500C00E 00 G.19000060€ 03
0.62000C00E 00 0.180000CCE 03
0.70GCOCO0E 00 0.16999999E 03
0.80000C00E 0GC 0.1600000CE 03
0.84000CO0E 00

0.15499999t 03
0.86000CC0E CO C.1500000CE 03

DAYS ELAPSED SINCE DEC. 31 y 1957 0.22899999E 04

T1.,00000CC0E 00 0. 1450000GE 037
1.00000C00E 00 0.

KP YEAR
0.234G0CCCE O1 T 0.1958C000E 04
0.248C0C00E 01 0.19588000L_C4

T0.18960CG0IT 0 0195887998 L4
0.25C9959% 01 0.19589995C 04
0.297c0C0CE C! G.195910CCC 04
0.24199599C ¢! 0.195920006E C4
0.25600C0¢0 U1 0.195930CCL G4
0.294%00CCCL L1 C.a19574005E G4



TTRERSR

TG.29200C00L
0.31559599¢
0.349995GSE
0.24600COCE

0.289G0CO0E ~

0.25699599¢

T 0.23199599E°

0.24400C0CE
0.34199599¢
 0.27899599€
0.29200C0CE
0.27100C00E
0.27500C06¢
0.32299556€
" 0.34400C0CE
0.24900C00E
0.22700C00E

0.23199599E

0.22899599E
0.23999596E
0.2689959SE
0.2260CC00E

TT0.21799599€

0.18499G69G¢

0.19199596E

0.14900C00E
0.17299599¢
0.18099699E
0.23106GCO0E
0.16000C00E
0.21799599C
0.2619959GE
0.29399599E
0.30800C00t
" 0.20100C00E
0.17500CCCE
Tp.I7200C00¢E
0.15400C0CE
0.F5099599E
0.18600C00€
0.208C0CO0E
0.20599S99E

0.22300C00E "~

0.23499$99€C
0.32600G0Ct
0.21999599€
0.20200C0GE
0.198C0CO0E
0.20999699¢
0.22099595¢€
0.21560C00E
0.22499695E
0.18099699E
0.17299599C

“o.te9c0CULL

0.168%00C00E
0.178L0GCGCE
0.167C0CGCE
0.90060CGUE
0.77000C0GE
T0.244559%00
0.244%99%961

TN
0.

T 19594958

C.195960CCE
0.19%970CCE
0.19598000E
0.195990GCE
0.195999G9E
0.1960100CE "~
0.196020C0E
0.19603000¢€-
0.1960400CE
0.196050C0E
0.19605999E_

0.19606959F

0.19608000€
C.1960900CE
G.1961C000E
0.196110C0E
0.19611999€
C.19613000¢F
0.19614000€
0.196150G0F
0.19616000F
0.19616999E
0.19617999¢€
0.19619000€
0.19620000E
0.196210C0E
0.196220C0OE
0.19622999€
0.19623999€
0.196250C0E
0.196260G0E
0.196270CGE
0.19628000E
0.19628999€E
€. 196200C0E
0.196312¢0¢
0.1963210GE
0.19632900C
0.196338CCE
0.19634600E

0-196353G%E

0.196362G0¢€
0.19637100E
0.196379C0E
0.196388C0F
. 19639600t
0.196404C0C
0.196412CCE
0.196421CCE
0.196429CCE
0.196438CCE
0.190644599¢€

T 0.196454000

0.13646203¢
G.19647100C
0.19647895¢
G.196488GCL
0.19649559¢

T 6.196500008

€.200000C

Yi 2
C.

G.196310CCE

85



Freng T

0.24360C0CE C3
0.23070C00E 03~
0.22650CC0E 03

" 0.208S0C00E €3

0.18049G699€ 03

T0.T61006008 03

0.13079S95E 03

"0.10479999€ 03

0.99300C00€E 02
0.89699699E 02

TYEAR T T

0. 1960500CE 04

0.19580000E 04
0.1958500CE 04
0.19589999E 04
0.19594999E 04
0.195999S9E 04

M A oy o e e e s

0.196100CGCE 04
0.19615000€ 04
0.196200GCE 04
0.196250CCE 04

0.19630000E 04
"0.19634999€ 04
0.1963599G9E 04
0.1964500GE 04

0.82699699E 02

0.80800C0OCE 02

0.77899599E 02
‘" 0.70000C00E 02

0.75000C00E 02 C-1965C000E 04
""0.870C0C0CE 02 0.19655000E 04 )

0.13100C0O0E 03 0.19665000E 04

0.18600C00E U3~ T 0.196750C0E ©4 R o

0.20000COGE 03 0.19684999E G4

" 0.19695000E 04
0.197050GC0E 04

~0.19000C0OCE 03
0.16300C00E 03
TT0.14200C00E 03 ‘0.19710000€ 04
0.12800C00E 03 0.19715000€E 04
T 0.10800COOE U3 U.19724999¢ 04
0.94000C00E 02 0.19735000E 04
" 0.80999G99E 02 0.197450C0E 04
0.75000C00E 02 0.19750000E 04
“0.75000C0CE 02 0.197550C0¢E 04

CTURNAL  MEAN

seex% SPECIAL EVENTS =xsza

EARTH IMPACT CUTEFF

T Teewa’s IRTTIAL CENDITIBNS sexwe
'SHERT PRINTBUY

ANBMALY STEP(DLGRIES) 0.99993999t 01

APIGEE STEPSIKNK) PERIGEE RADIUSTKM)
~0:49999699E 01 0.67T780000€ 04
-0.99999599E Ol 0.65780000E ©O4
-0.20000C00E 02 0.

0. ) 0.

0. 0. _




L8

APEGEE,PERIGEL +MAJER AXIS,AND,LARTH RADIUS(KNM]
APRGEE,PERIGEE,JAND MAJCR AX1S RATES{KF/DAY)

LIFETIME SPENT{2RBIT AND DAY)

A 0.669E67178E C4 P 0.65384161F 04  AXIS  C.66185670E 04  RALIUS 0.63734720E 04 e
ADRT -0.20172292E 02 PDIT -0.40069964C 01  AXIDZT-0.12089644E 02  ERBIT 0. TIME ~ 0.

AT T 770.66887178E 04 P 0.65363847€ 04  AXIS  C.66125512E 04  RADIUS 0.63729€99E 04 T Tt T T
ADJT -0.21854386E 02  PD@T -0.45366886EFE 01  AXIDAT-C.13195537€ 02  ERBIT 0.76963580E Q1 TIME  0.47658843€-02
A © 0.667BT178E 04 P 0.65342648E 04  AXIS  0.66064913E 04  RADIUS 0.63726118E C4 )

ADDT -0.23836359¢ 02 PDAT -0.51580800€ 01 AXIDZT-0.14497220E 02  2REIT ~0.164785457E €2  TIME ~ 0.91516171E 09
A7 T 0.66687178E 04 P 0.65320580E 04  AXIS  C.66003878E 04  RACIUS 0.63723329E 04

ADOY  -0.26187366E 02  PDBT_ -0.58897937E 01 AXIC2T-C.16038579E 02 2ZRBIT 0.21272498€ 02 TIME  0.13158407€ 01
A 0.66587178E 04 P 0.65297680E 04 AXIS  0.65942429E 04  RACIUS 0.63721424E C4

ADBT -0.29008224E €2  PDBT -0.67591456E Ol  AXIDAT-C.178836B4E 02  ZRBIT 0.27161858E 02  TIME  0.186790955E 01
AT T0.664871788 04 P 0.65273999E 04  AXI1S  C.65880588E U4  RACILS 0.6372C265E 04

ADBT  ~0.32431474€ 02 PDBT  -0.78004355E 01 AXIDET-0.201159%4E 02  @2RBIT 0432462037t €2  TIME  0.20055498¢ J1
A  0.66387178E C4 P 0.65249590€6 04  AXI5  C.65818384E 04  RADIUS 0.63719703C 04

TADBTT -0.36582107€ 02 < PDBT -0.90565055E 01  AXIDCT-0.22819306E 02  CRBIT 0.37183C28E 02 TIME  0.22962875E 0Ol
TATT T T0V66287178E04 P T 0.65224504E 04  AXIS  C.65755841E 04  RACILS G.o03719590f Cé4

ADBT -0.41668416E 02  PD2T  -0.10584679E 02  AXIC27-0.26126547C 02  CRBIT 0.41366296E (2  TIME _ 0.25528480c Ol
A 0.66187178E 04 P 0.65198807E 04  AX[S  0.65692993E 04  RACIUS 0.63T19793E C4

ADAT "' -0,48006608E 02  PDAT -0.12472527€ 02  AXIDJT-C.30239567t 02  ¢RBIT 0.45018393E c2 TIME  0.27768318E Ul
AT T 0.66087178E C4 P 0.65172561E 04 AX1S C.65629869E 04 RACIUS G.0372C200E 04

ADST -0.55973225E 02  PDAT -0.14833832C 02  AXID£T-0.35403528t 02  ZRBIT 0.48174605E 02 TIME  0429701240& 01
A ~ 0.65987178E 04 P 0.65145827E 04  AXIS  0.65566503E 04  RACIUS 0.63720719E G4

AD2T  -0.66103096t 02  PDJT -0.178B19200E 02  AXIDOT-0.41961148E 02  ORBIT 0.508649267E €2  TIME  0.31349111C 01
A "7 0.6588T7178E 04 P 0.65118655E 04  AXIS  0.65502916E 04  RADIUS 0.6372128l1E 04 -

ADDT  -0.79264738c 02  PD3T -0.21702515E 02  AXIDZT-0.50483626E 02  BRBIT 0.533137720E 02  TIME  0.32734323t 01
A 0.65787178E 04 P 0.65091074E 04  AXIS  C.65439127€ 04  RACILS 0.63721834E 04

ADRT '-0.96654L91E 02  PDIT ~0.26856437E 02  AX[D2T-C.61755563E 02  ERBIT 0.55017389€ (2  TIME  0.33880452E 01
AT T 0.65687178E 04 P 0.65063073E 04  AXIS  0.65375125€ 04  RADIUS 0.63722347€ 04

ADBT -0.12024515C 03  PD3T -0.33940001E 02  AXID2I-C.77092577E 02  URBIT 0.96546763E 02  TIME  0.34811621t 01
A 0.65487178E 04 P 0.65005544E 04  AXIS  C.65246361E 04  RADIUS 0.63723277¢ 04

'ADBT  -0.20129748E 03  PDIT -0.59263927¢ 02  AXIDZT-C.13028070E 03  @RBIT 0.9B709557€ 02  TIME  0.361264563c 01
A T0.65287178C €4 P 0.64944185C 04  AXIS  0.6511%681k 04  RADIUS 0.63723896C C4

AD2T  -0.39824621E 03  PDJT  -0.12856677L 03  AXIG4T-C.263406598 03  @RBIT  0.59921526E 02 TIME  0.36858271¢ Ol
A 0.65087178E 04 P 0.64BT5169E 04 AXIS  C.6498L174€ C4  RADILS 0.63724229E C4

ADZT =-0.11186879t 04  PDAT -0.41531130€ 03  AXIDYT-0.706693963F 03  ORBIT 0.060463034F L2  TIME  0.37184814L 01
A 0.64887178C G4 P 0.64790406E 04  AXIS  0.648337920 04  RADIUS 0.63724351E C4

ABCT  ~0.70584279E 04 PCoT  -0.36614551E 04 AXIDZI-C.53599416E 04  ERBIT 0.60608292€ 02 TIME _ 0.37272170t Ol
A 0.646817173k C4 P 0.64654747C 04  AX1S  C.646T0962C 04  RADIUS 0.6372437CE 04 .
ADZT  =0.13953051L G6  PLST -0.110668325L U6  AXIDIT-C.12511238C 06  ZRBIT 0.60625134E 02 TIME  0.37282¢59k 01
A 0.664017117C. C4 P G.64475084L 04 AXIS  C.644R206346L 04 RALIUS 0.63724373€ C4 -
ADLT =0.34856%961 0T PDCT =0.327T467150 07 AYIDST-C.32201CH68 0T £R21T  0.6C625028L €2 TIME  0.37232673E 01



88

A 0.64287178E 04 P 0.64284948E 04  AXIS  0.642860062E 04  RACIUS 0.63724373E€ C4 B )

ADBT  ~0.36040654t G&8  PDZT -0.355638516L 08  AXID2T-C.35804585€C 08  @RBIT 0.6C625864C 02  TIME  0.37282695& 01
A 0.64087178E 04 P 0.64086128E 04 AXIS  0.64086653F 04  RACILS 0.63724373€ Q4 T
ADST -0.57522210F 09  PD2T  -0.57563592€ 09  AXID2ZT-C.57542901€ 09  GRBIT 0.6C623B67E (2 TIME _ 0.37282697E 01
A 0.63887178€ 04 P 0.63887154€ 04  AXIS  0.63B87166E 04  RACIUS 0.63724373E 04

ADET -0.12913613t I1  PDJT -0.12713984E 11  AX[DZT-0.12613799E 11 OREIT 0.60625867€ C2  TIME  D.37282697¢ 01
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SECTION IV: GRAPHIC METHOD FOR LIFETIME PREDICTION

A lifetime model has been presented for making reasonably accurate
predictions of orbital lifetime. Primary factors influencing earth orbital
satellite lifetimes have been included. A method has been devised to provide
a means of graphically predicting lifetime based on this model. This graphic
technique allows a quick prediction of lifetime independent of computer runs.

Two sets of normalized lifetime curves have been generated, one using
the 1959 ARDC density model as the basic reference and the other using the
1962 U. S. Standard atmospheric density model. These sets are presented in
Figures 8, 9, and 10 for 1959 ARDC and 11, 12, and 13 for the 1962 U, S.
Standard. Figures 9, 10, 12, and 13 are blown up altitude regions of Figures
8 and 11, A mean diurnal bulge and constant values of one (1) for vehicle mass,
area and drag coefficients are assumed. The normalized lifetime read from
these charts is L. For both references the formula for computing lifetime is
then:

o s _ m
Lifetime = Ly [C A} (f; w) (fd)
D
where
L = normalized lifetime which is a function of apogee and perigee
altitudes
m = orbiting mass in kg
CD = orbital drag coefficient
A = effective drag area in square meters
fi’w = correction factor to the normalized reference for initial orbital

inclination and argument of perigee. The normalized reference
assumes values of

i= 30° w = 180°
f . = correction factor to the normalized reference for the actual calendar

dates the satellite is in orbit and the initial perigee altitude. This
correction is required to account for the variation of density with
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solar and geomagnetic activity which varies with time. The value of
of f d for future years is based upon current predictions of these
effects.

The step~wise procedure to be followed in predicting lifetime is as
follows:

1. Compute perigee and apogee altitudes in km, Use the earth radius
defined at the sub perigee point in computing altitude (see Table 2). If the i
and w necessary to define this radius are not known, use the equatorial earth
radius of 6378. 165 km in computing altitude.

2. For the specified perigee altitude read the L4 corresponding to the
given apogee altitude, interpolating between lines of constant apogee altitude if
required. Depending on altitude region of interest use Figures 8, 9, or 10 for
ARDC reference and Figures 11, 12, or 13 for 1962 U. S, Standard.

3. Compute A, effective area. For attitude stabilized vehicles this area
is the surface projection on a plane perpendicular to the direction of vehicle
motion, Projected areas are computed as follows:

Nose-on (o =0°) Broadside (o = 90°)
7D?
Cone A = i A=DL/2
. D2
Cylinder A = _;1_ A =DL

A = projected area (m?)
D = vehicle diameter (m)
L = vehicle length (m)

o = angle of attack

For random tumbling bodies A is computed as one-fourth the total surface
area.
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4. Determine drag coefficient, Cp, from Figure 14, These data are
extracted from Reference 8. The following values are for a 200 km altitude:

Cone, nose-on = 2, 06
Cylinder broadside = 2, 2
Tumbling Body = 2, 18

5. Compute the ratio M/CDA in xkngz

6. To obtain total lifetime in days based on 1959 ARDC or 1962 U. S.
Standard reference, multiply M/ CDA by the value read from the graph to obtain
Lo, (i=30°, w=180°)

L, = Ly M/C A

If something more than the apogee and perigee values are known
about the orbit or a prediction for later launch dates is desired, using the 1959
ARDC or 1962 U. S. Standard predictions computed in step 6 continue with the
following steps.

7. For given values of i and w read f(i,w) in Figure 15, interpolating
between lines of constant inclination if necessary. Note that the figure consists
of two sets of curves, one for use when L, < 30 days and the other for use when
Ly = 30 days. Multiply L, by f(i, w) to obtain Ls.

L3 = L2 f(l,(l))

Ls is then lifetime in days for proper inclination and argument of perigee. Omit
this step if i and w are not defined and the mean radius was used in step 1.

8. For the given launch date and perigee altitude enter Figure 16 or
Figure 17 for the 1959 or 1962 atmospheres respectively and obtain an average
value of the ordinate for the given perigee altitude over the interval of time from
the launch date (year and fraction) over the time (in years) corresponding to Lgj
days. The same lifetime will be obtained regardless of which base is used. This
average is fj which is multiplied by L; to obtain the first lifetime estimate Lg(1).
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L3( 1) = L3fd

These fd correction factors are current only for the date of this publication. As
new data become available and the solar activity prediction is updated, this f d
factor must be updated.

9. Step 8 is repeated using L3(1) instead of Lj to perform the average.
However, when the new value of fg is obtained it is multiplied by Lj not L3(1)
to obtain L3(2).

Ly(2) = Laf

Depending upon the accuracy desired and the variations in successive
values of f,, step 8 may be repeated until Ls(n) is obtained which differs in-
significantfly from Lg3(n-1).

Primary uncertainties associated with these predictions are a 25%
uncertainty in Cp, and uncertainty in prediction of £3. The latter is a function of
time and altitude. To obtain three sigma lifetime values for f; uncertainty,
Figures 18 and 19 or 20 and 21 should be used for the 1959 or 1962 atmospheres
respectively in the same manner as given in step 8 for Figures 16 and 17 and
nominal lifetime. Three sigma curves are given only for future dates as there
is no prediction uncertainty associated with past solar activity behavior.

To assess the accuracy of the graphic technique, a total of 103 compari-
sons was made between lifetimes predicted using the computer deck and lifetimes
predicted using the graphic technique. It was found that a maximum of three
iterations as specified in step 9 was sufficient for convergence. For short
lifetimes only one iteration was necessary. The ratio of the program value and
the graphic value was computed for all cases. The results of this yielded a mean
and standard deviation of 1, 01 and . 15 respectively. From the results of this
comparison no systematic errors seemed to be present in the graphic technique.

As well as total lifetime, time spent in decaying from one circular altitude
to another can also be obtained by subtracting the respective lifetime values,
For elliptical orbits, the time spent in decaying from one apogee to another can
be found in a like manner if the perigee could be assumed fixed. However, this
assumption could cause a significant error since the perigee will in actuality
experience a decay whose effect cannot be neglected.
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TABLE II, EARTH RADIUS AS A FUNCTION OF INCLINATION (i)
AND ARGUMENT OF PERIGEE (w)
w 0 i5 30 45 60 75 90
180 165 150 135 120 105
195 210 225 240 255 270
360 345 330 315 300 285
15 6378.2 | 6378.1 |6377.9 | 6377.5 | 6377.1 | 6376.8 | 6376.7
30 6378.2 | 6377.9 |6376.9 | 6375.5 | 6374.2 | 6373.2 | 6372.8
45 6378.2 | 6377.5 | 6375.5 | 6372.8 | 6370.2 | 6368.2 | 6367.5
60 6378.2 | 6377.1 | 6374.2 |6370.2 | 6366.1 | 6363.3 | 6362.1
75 6378.2 | 6376.8 | 6373.2 | 6368.2 | 6363.3 | 6359.6 | 6358.2
90 6378.2 | 6376.7 | 6372.8 | 6367.5 | 6362.1 | 6358.2 | 6356.8
Computed from
R_, = 6378.165 |1 - (sin® i sin? w)
E : 298, 3
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APPENDIX A. DERIVATION OF THE DECAY EQUATIONS

dx =
gA _ . F
at £(2)
A, Definitions
k
€
Vv L T
d ;
- i -
°n eR E u
i
Q e,
_ NODE
i
From the above geometry:
cosi=e, - k
eR= . X e

cos9=eQ- i
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cosu=e9-eR en 1
sin @ =8, - J e |=M i
=—— e o— e E
sin u eQxeR eh eh
_ kxeh _EXh
eSZ sin i hsini . _
. - 1 °R
e == _ T —
R R i =M ey,
_ RxV k “h
®h T IR x V|

The transformation matrix M is given by

cosucos 2 -sinucosisinf cosusin +sinucosicosf sinusini

M=| -sinucos £ -cosucosisin -sinusinf +cosucosicos cosusini
sin i sin -sin i cos Q cos i
h=RxV
do
h = RS-
dt
___Vx(—x—2 S
e = -
I3 R
e=|el
e. X . €
. (eQ €) e,
sin w =
e
.
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_h.® _®
P=y I
pe
— R
R =

1 +ecos (u-w)

V=~)§ {[1+e cos (u—w)]€R+esin (u - w) EL}

X R+1 eR'—i

.—r =—-—L—‘ e ._'- = -
y R 1 +cos @ eR L 6=u-ow
Z R'k eRnk

p=1+ecosf@=1+Acosu+Bsinu

X Vi e, 1 eR-l
v |l V.T = B + e. 3 |+ i e
y Veij D [1 +e cos 0] e+ ] e sin 6 ep *
z V.k e k eR-E

Consider now R to be "radius" and V to be "velocity.' In Newtonian motion the
two are related to some '"force' F as follows:
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<
I

_F dV 4R =
_M ordt- +?

Since the definitions express the orbital elements most directly as functions of

h and €, their derivatives are facilitated with expressions for (—(;-Ht- and g-f—

%:a‘{— (R x V) :C% xV+Rx Y
_Tx T+ R x (?%—ﬁ-
=R x (?-J’—g
=_P:><§—§><";—I—§

%zﬁx?
g;f—:i(vx_ﬁ) NﬁeR
_C;—Yx H+Vx—g—f-ua%(§)
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_dV s T = _ £ [gydR
=g <RV EXTF) -3 (Rxdt

1. The derivation of di

dt
cosi=€h-f«f
smiii'=— il—h‘+'é -Q‘E:E-ﬁ+0
dt t h dt dt
i dh
-—h3 hxthH k)
_ 4 dh ~ .
=13 (det) (ths1n1)
a_ |y,
dt ~ h? at! " ®q
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.
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2. The derivation of ast

dt
cosQ=€Q-1
gda_— %o
Sin dt—l dt
deﬂ_g_ kK xh
t  dt lhsini
__k xd—H—M———i(hsini)
hsini dt h®sin®i dt
— e
K dh Q d — — _
- dh @ d ¢.%.
hsini “dt hsiniar & XBTeg)
. — de
1 dan| — O _ d . — -
= E ——— — .—+ » —
h sin i ( *at | " e <(R_XH) at e g (KXW
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1 — dh — —~ dh
= - + ¢ .
neing KX at e (9% KX g
—-—d9~ 1 ﬁxi-E (Exg—hi e )
dt  hsini at ~ %o at - %o
Ei—‘—s-‘(‘l— 1 X ‘Exgﬁ Xe
dt hsini |2 at | 1~ Ca
I S T
TSI T ar ¢
— o ox |Ex® ) |xe . T
“hsini |0 dt !
L g x (Exg-—— - e X1
" hsini Q dt ° 1t
1 - — dh
= . * - i Q
e ,:egx kxdt] (-k sin Q)
a_ 1 |- o dn
dt hsini eQX kx t :} k
_ker.EXgE
" hsini dt
_(kXeQ) T gh:
" hsini dt
e
Q —_—
= X
hsini (k > 5F)
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%zhsisii _Rxﬁ)
B hRsigrfZ i (ER x %)
:hfini QXeR).§

%:hsﬁni sinu (e, * ¥)

3. The derivation of dp

dt
dp _d[h-h
dt dt L
2 — dh
BT
2 — —
== h* (RX¥)
15 ( ¥
_gh_ (Re. X 9)
—p. eh eR f
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dp 2hR ,— =~
a%=———u (eh"})
tdp 2R . . =
i C

4. The derivation of da

dt
A=eQ- e
aa__ Lo _ @
dt dt Q dt
_E. 1 ’.
h hsini @

@ = =
=B 5 (R €) te

h

%:Bg—cosi+"e_

dt dt Q-
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¥

°q
eg =ep cosu-e sinu

e g =cosu

eq * e, =-sinu

R eQ =R cos u

— — -ll —_— — —_—

. = — + + 1 -+ i - .

\ eq h[(1 A cos u Bsmu)eL (A sinu - B cos u) eR] o
_H . — oo - 1= =
—h[(1+Acosu+BS1nu) eL+(Asmu Bcosu)eR] [eRcosu eLsmu]
=ﬁ[—(1+Acosu+Bsinu) sinu+ (A sinu- Bcosu) cosul
:ﬁ [-sinu - A sinucosu - B sinu+A sinucosu- Bcos?u]

vV-e =k {B + sin u]

Q2 h

V-E:E [(1+Acosu+Bsinu) e, + (A sinu - Bcos u) é'R] . RER

h L

V~ﬁ=%{‘ [A sin u - B cos ul
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- de 1, = = = = = = = = =
e a2V F) R-eg) - (R-F) (V- B) -(F - B) (V- R)}
i{ZRcos w(v - 3:)+E(B+ sinu) (R- §) - h [Asmu—Bcos ul(F R)}
i S8 . - M . = =
= - + - - . T
H{ZRcosuV+h(B sin u) ReR hR[Asmu Beos uj eQ} ¥
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—";1—[B+ smu]eR—%[Asmu—Bcos u][eRcosu—eLsmu]} -9
%{(Zcos u[1l+ Acos u+ Bsin u] + [Asin u - Bcos u] sin u) e
+ (2[Asin u - Bcos u] cos u+ [B+ sin u] - [Asin u - Bcos u] cos u)ER}- F
%{(Zzpcos u + Asin® u - Bsin u cos u)e + (Asinucos u - Beos? u
+ sin u) ER}~§
— de_R - L — —
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5. The derivation of dB

dt
B=e9><e-é'h
de.
dB d _ — — h —
—_— i - + —
t "ap (S Xe) ety - (Egxe
e
de, de
@ ., _de | — h =
= t—dtxe+eﬂxdt eh+ it (eQx e)
de _de,
I S P Y
e Tar feteht e Xg ta (8 *®
a8 _3 -——deQx§+E ) xg§+d—e}l-B€
t h t h Q dt dt h
deQ—QQE‘X—
t  dt V)
dB _ - (42 ¢ - | 5,5 .35 de
t——eh theQ ><e+eh eQX at
e o - Y i
=0 (Exeg)xe eh+eh eQth
_40 o=y ez ae = 48
= t(ker) (e><eh)+eh.e9><dt
dQ — —
= —— ko— . e - k.— . e .
it [( e) (eg, eh) ( eh)(eg e)]+eh
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ol

dQ - = de
— . - . -
at (k eh)(eQ €) e, eﬂxdt
dB 4@ . = = _de
t - ap ACositey g Xy
ilé=-is=2-Acosi ) d vz
t dt Q dt h
dB _ _de -
T = dt ACOSl+eh>< eQ at
e =€g Cosu-¢e sinu
xe9=ehx[eRcosu—eLs1nu]
=eh><eRcosu—eh><eLs1nu
XeQ=eLcosu+eRs1nu
e _ . de
t—[eLcosu+eRsmu]- at
=e —Ecosu+€ -—:-smu
L° dt R dt
£ _11RTFH-VRT - FTH)I
dt u
de _1 [2(VF)(R-e,) - (RF)(VE ) - (V-R)(
L dt L L



&)

ol
1l
o

|

. V=%R-[Asinu- Bcos u]

’
<l
o |

5 e

= + + Bsi .+ i - gl e
L {{1 + Acos u+ Bsin u]eL [Asin u - Beos u]eR} e
V-e =211+ Acos u+ Bsin u
L h
E-@=1{2V-_(§-€ -(R-F) (V-8,) -(V- R (F-&,)}
R dt g ( ¥) R ~( ) ( R ( ) ( R
L VR 5, -RV -5, -(V-Re) F
o R R R
.= & . - . — —
. = 1+A + B + - .
V- ey h{[ cos u sin uje [Asin u - Bcos u]eR} €n
V- e =E[Asinu— Bcos u]
R h
- e - de . 1 = 3
. — + . — = — - +
€, qreosutep: Gsinu “cosu{ p B[+ Acos u+ Bsin u]
LR , = R - _ 4R :
“h [Asin u - Bcos u]eL} gt usmu{ZRV- ?[Asmu— Becos u]
LR =3

- 5, [Asinu - Beos u]eR} - F
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Ecosu d—s1nu=—{—[zp] cos uER—[Asinu— Bcos u] cos uEL

L dt °R’ at
+ 2sinu ¢€L+ [Asin u - Becos u] sin uER
- [Asin u - Beos u] sin uER - [Asin u - Becos u] sin u€R} - F

de de . .
—cosu+e_ * ——sin u=—{(—zpcos u+ [Asin u - Becos u] sinu

o|

L dt R dt
-[Asin u - Bcos u] sin u) €R+ (-[Asin u - Bcos u] cos u
+ i e - F
2y smueL) F
e - d—ecos u+te d——smu=—{-zp cosue, + (-[Asin u - Bcos u] cosu
L dt R dt R
+ i e Y9
2y sin u)eL} F
g . Losurse I
L dt R adt

= B{-z,bcos uER + (-Asin u cos u+ Bcos? u+ 2y sin u)EL} - ¥
_ R — . .2 . — T
== {-ycos u °R + (-sinu cos u+ B - Bsin® u + 2ysin u)eL} .

=B cosus, + sinu (-cos u- Bsinu+ 2y) + Bje } - F

{~ycos u+ [(1+ y) sinu+ Ble } - F

= |
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dB dQ L, — — de
&o 8¢ + . 2e

1= " at Cos e X gt gy

= -——— Acos ite_ - de cos € de sin u
dt L dt R dt

dB Q R — — =
e Qe e L i ut .

t tAcos1+h { zpcOsueR+[(1+zp)smu B]eL} ¥

6. The derivation of-@'
dt
de _d =, 5%
dt —at (¢ ®
e dt
1 | Vx(RXV) - = - - -
_ue[ p en FX(RXV)+ VX (RXYF)
14 (V' VR- (V.R)V - = o= m =T T T
_ue{ U R (V-F)R-(R-F)V-(V-R) J
1 J(V-V)R — = = = = =
= [2(V.F)R - (R-F)V -~ (V-R)¥]
ue< u (V- 5) ( ) ( ) F
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[2RV - 2R (V- R)] - —(—‘—’f—)— [(V-B)V - (V- V)R]

— F _ _
V=E{[1 +ecosf] e, + esing eR}

L

(V- FR) =%R-esin0

2
5 {[1 +ecoso]? + e?sin%0}

(V- V)=

=

2
=-:7 {1+ e + 2ecosb}

N
(V. eR) —hes1n6

de _ 1 /) u 2 2 K = C o=
— = + +
at " e | n? [1+ e + 2ecosf] |2R h ([1 ecosG]eL esiné eR)
2 . .
2R L _ Resinf |pResing p 1+ = 4 ecings
h esing ey b n  h ([ ecos@]eL esinfe

2
- E_ + 2 + o - gLR = s =
2 R[1+e 2ecos9]eR b ([1+ ecose]eL + esing eR)
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de
d

B R .=
+ .
N esinf en + b esinf er ¥

2uR 2 a0 D ) - esing S
on? [1+ e® + 2ecos0] [(zPeL esind eR) esinf eR]
[esin® (szL + esind é‘R) - (1 +e? + 2ecosh) ER]

2 — _ — =
- = + 3 7 . ¢
o (z,beL esiné eR) + 2sind °R ¥

2 [1+ e + 2ecoso][ (ye

R
h e sz

+ esind ER) - esind ER]

sinf . —
Ty [esind (¢ e

0= 2 —
+ - + e +
esinf eR) [1+e“ + 2ecos8] eR]

2 — _ — -
- = + esi + 2si .
o (ye esinf e_) + 2sind e f

esin®g 29| —

R
h P Zp_e °L

d% [1 + €% + 2ecosb] ¥ -

P R

R —
= = [1 + e® + 2ecosf] - esin%g - = [1 + ecosf] | e
h e L

[ e’sin’6 4 Sinf [1+e®+ 2ecosd] | e - F

, _ —
+ s1;1 - e%sin%0 + [1 + e + 2ecos0] e, ¥
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o |

2
[2e + 2cos6 - esin29]6L + ',7_ esin“g
L

+§£9— [1 +e% + 2ecos0] | © - F

R

5 |5

[e + (1 +¢)cosb] & +ysind & p - 3

de
dt R

7. The derivation of do

dt
EQ e
COsSw —
dw _1d - 1 _, de
-sinw 5= g (et @) ~ @ (eg - @)
Csine 9@ -1 dA  cosw de
SIW 4t T e dt e dt
-esin d—cu:ﬁ—cos d_e
“lat T dt “at

ds i - —
=B dt0031+h{[A+(1+zp)cosu] eL+zpsmueR}

—cosw%{z,bsine ER + e+ (1 + ) cosd] EL} ' 5
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dw

=—hl3écotw{z,bsin0€ + e+ (1+ ) cosG]é‘L} . F

at R
dﬂ R
- q¢ ©os i- i cscw {ysin uép +[A+ (1 +y)cosul @ }
do _ _d@ R, ~ —
t =~ at °°8 1+he{z,bs1n9 cotw &, + cotw [e+ (1 +3) cosh) er
-ysin u cscw ER -cscw [ A+ (1 + y)cos u} EL} - F
dw _  d@ R
—_ = + -
St " ar °°S 1t g { [¢sind cotw -ysin u cscw] & e
+ |cotw [ e+ (1 + y)cosh] - cscwl[A+(1+)cosu EL} -7
do  dQ o _
at =~ atCos ito. { -ycosd ep + (1 +¢) sino eL} F
dr
8. A derivation of —£
dt
dr
—p_d _p_

1+e dt  (1+e)? dt
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- )

T (L+e)?

+[e + (1 + ) cosG]EL} - F

_R
" h (1+e)?
dr
p_R_p
dt  h (1+e)?

dr

9, A derivation of —2

dt

tgeing s V. F
zps1n9eR} F

R
(1-e)?

— 3 +
h {¥sin6 en

—L. ¥) - ysin6 €, - [e

R

-ysinh e + - +esin’g ] e ).
{ -ysing e [2(1 - cosf) esme]eL}

%{[e+(1+zp) cos0] &,

¥



____L_},;“R_ o)? {2(1-¢) e+ [e + (1 +7) cos9]€L+z,bsin0 _e—R}

=h0d _E__R)z{ [2(1-e) +e+ (1+ ) cosh] EL + ysind ER }

=—p———h(f_ )2 {l(2-e) +(1+7Y) cosb) €L+¢sm9 ‘éR} . F

dr
a__ pR = ai= .z
dt  h(l- o) { ysing ep * [2(1 + cosd) - esin6] eL} F

B. The description and substitution of F in the decay equations dt

Define § as follows:

‘}:?G+5ZD+$FS

Where fF_G is the gravitational perturbing force due to earth oblatness

Ej:D is the perturbing force due to drag

_SES is the perturbing force due to solar radiation pressure

b [
F - - = 1 .
Fo=h ) I | 22| {(N+1)P &, - P lcosimy
N=2
+sinicosue
Rb
- Req = earth's equatorial radius

R, B are the geocentric radius and latitude of the satellite

- F

- F
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PN(sinﬁ) is the nth Legendre polynomial

JN are empirically determined constants
g
r _ .
N~ osing (TnSIA)

1

= - HLB + e% 4 2 . —
Fb > [1 +e“ + 2ecosh] + esinf eR]

[[1 + ecosf] eL

A = reference area
m = mass of satellite

C_, = drag coefficient

D
F o=-2pr[Ls, +Ms +NFT]
S m R L h
L 0s U cos{l - sinucosisin cos usinQ+ sinu cos icosQ
M = sin u cos2 - cos ucos i sin)? -sin u sinQ + cos u cos i cosQ
N sin i sinQ -sin i cosQ)

sin u sin i 1

S
cos u sin i m

S
cos i n

S
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1S’ mg, nS are the direction cosines of the sun
PR = solar radiation pressure
A reference area
| .9 1 2 9. . 9
P2=§(3s1nﬁ- 1) =§(3sm1 sin“u - 1)
) 1. .3 . 1, a3 o
Py = 5 (5sin°B - 3sinB) = 2 (5sin’i sin’u - 3sin i sin 1)
PJ = 3sinB = 3sin i sin u
1 _ 3 .2 3 N YO
P3 =3 (8sin“B - 1) =3 (5sin“i sin‘u - 1)
o . =, dr
1. Substitution of the above expression for F in the ?t
di R -
at = peos u(g- eh)
di R3 -
a§=-}? cos u (3‘.eh)
di _R® = L=
0~ n cos u(SzG +gD + Cfs) eh
n 3 Re N
-_— — - _ 9 1 .
S;G. ey Z JN R PNcos1
N=2
Fp:en="
- — —_ A
s ™ "m FRY
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’ 3 R
di _R? A _eq . A
a6 - ne cos u - R cos i szz JN ( R PN-m PRN

3

_R3 B A Reg 2 - Reg | A
=pzeosu - Rz cosi Jq Py + J5 R Py —mPN

2

3
R3 » Reg 3 Reg
=1FCosu (-pzcosi |30, | sinisinu+J; |4 (5sin? i sin® u

o |-2ex

33 cos u sin u cos i sin i R? —-iéﬂc s u sin® u sin? i cos i R®
ha S S eq 2 h2R2 0 S 1 COS eq
3 PrAN
B : w3 3
+ —— -
5 W2R2 J3cosucosi Req h R°cos u
3J
g%= - -p2—2 qu cos isinicosusinu[1l+ ecosf]
_ 15 3 29 . . .. 9 2
=—% J3 R sin“*icosicosusin®u|1l+ ecos ]
2p eq
A 3
+§i3 R? cosicosu[1+ecos€)]2— NR; cos u P
2 p° eq mh r

Define 1 so that1 =i - Al where Ai is the purely periodic portion of i.
A characteristic of any periodic function is that its derivative is also periodic.
The only portion of the above expression that is not necessarily periodic is the
term involving solar radiation pressure, Pp. I.e. Py is assumed to have a
constant positive value in sunlight and a value of zero in the earth's shadow.
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ssings)

The process of removing the periodic portions of the % is done by
averaging in the following way:

2|,

2m 2m
1 dA
T S [ dt] do de
o o G

N
It is easily shown that terms containing sin u, cosNu, sinNu cosNu, N ODD
will vanish over [o, 27 ] when averaged in the above manner. This aid then
makes the integration a process of inspection.

~ ANR3Pr cos u

1
ANR®P cos u 7
- 3

2

mya (1 - e?) 4

~ ANR? Prco su

- 1
dt muz_ag-(i - ez)

~

do
2. Deri i -
erivation of at

e
dt

==
n |
pde [
=1 =]
Ly =]
=

d2 R? sinu

49 h% sini 3 n
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[s19] R3 sinu

= I -+ F -+ 3 . e
@ "1 sim JatFp IS " e
\
?G . eh
7 €. > are the same expressions as given in di
S:D * eh e exp giv dat
Fs* °n

Q
On substitution then the expression for %5 becomes

R 2
3 .
a2 _Rosinu/ L cosi [3J2 (__e_q) sin i sin u

d6 h? sini ) R R

R 3
3 eg) . 9. .9 A
+ = - ———
9 J3 R (5sin‘i sin“u - 1) - PrN
do 3R, 2 153
—_— = . il {1+ _ Y3 R 3 . . 2.3
T ; cos i sin“u [1 + ecosé] op? eq Sinicosisin’u [1
A 3
+ecosfl? +2 —3']3 R 3cscisinull +ecosd]? - ——————N?. sin u P
2 p° eq mh*®sin r

Averaging as before, only the first term of the above expression will remain
since it contains a secular term. The term involving solar radiation pressure
is retained

3 .
@ 3 ANR smuPr
=-"2

do

1
2 mh? sin i

ISR
+
Do =

RS

R 2 .
J2 eq COoS 1
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P ]

&%

s 3 AMR3sin u P
2 p eq

mhsin i

o5 ANR®sin u P R_ 2
@Rhes i E L Ren |
$e=- 28 Fooosi- ANfginU

a? mp? a? (1 - e¥)sini
o dw
3. Derivation of dt

do _ 92 s+ [ —pcoss B +(1+y)sinds. } - F
t dt eh R L

d_w:_ cosi+—{_¢0039€ +(1+¢)Sin9€}'(3? +§':
t- " at eh R L G °D

= M 3 Eﬂ_qN
cFo=tm ) JN(R) (N +1) P

Pl\} sin i cos u
1
—_ jﬁf@ i+ e? + 2ecos0)?

sinf

1
== H%B— [1+e? + 2ecos6]? [1 + ecoso]
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= _ A
e  Fs =" m Fr™
dw  d€ R - = - =
£ 7 dt 0% 1 en ¥eost (eR'?G+eR p*er ?s)
+ 2 (1 1y) sinofe.-F _ +e,.F_+5. -5
eh L7t Tp oL I

N
3 R

dw dQ . Rycosh 7] eq

—_— = _-—C0S 1 -

t at °° eh | RZ ) IN | R’ (N+1) Py

N=2

repB 2 zl . A
- [1+e®+ 2ecosf]* sinb - PL )+
p m r

R N

—€q
R

3

+ .

+R(i elz[:)sm() _Rgz Z JN
N=2

P.'sinicosu
) N

1
- A
_ eeB [1+e?+ 2ecos6]% [1 +ecosh] -— P M
Y m T

N+1

3 Re Re ’ i
222 Ie =0 (N+1) P_= 3], —4 (5](3sin21 sin’u - 1)
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S

R 3
+ 4J5 (?eq_)‘%) (5sin®i sindu - 5sin i sin u)
R_\? R_ |2 R_\3
9 eq s 9. . 2 3 ( eq ( eq .3 . 3
== - — ] % —_—
9 Jy ( R ) sin’i sin’u - 3 Jy | R 10J3 R sin’i sin s®u
R 3
- 6J3 _ﬁgg_) sinisinu
R, N R 2
Iy (—R—q ) Pi\l sin i cos u= 3J, (JR ) sin®i sin u cos u
R 3 R_ 3
15 eq A TR 3 eq -
4 — _ =2
%) J3 ( R ) sin’i sin‘ucos u- 5, d3 R sini cosu
do _dw dt _ R’ dw
do dt de h dt
dw ds2 uR3ycos6 i 9 Re i 3 Re
Qw _ & s - L2 q L2 a2 9 —€q
10 qg °oSt on’ RE 2J2(R ) sin“i sin“u 2J2( R
R 3 R 3
+103; |5+ | sin’i sin’u - 67, ( —3 | sinisinu
coB 1 API_L
SE 1+ e+ 2ecosf]? sinb -
p me
3 R_1\°
1+ 1
+ lif_ﬂz___‘L) sind ¢ =3 | -3J, &4 sin%i sinucos u
eh R R
R 3 R 3
15 €q . 8. .. 92 3 eq ..
-— T +—
2J3(R sin®i sin“u cos u 2J3 R sin i cos u
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B 1 APrM
- Ep— [1+e®+ 2ecos01%[1 + ecosf] -

pm
d ae cos0 | 9 Req r 3 [Begq ;
—= - i- - J sin’i sin’u - = J ( )
a6~ "dp %t e Y2 ? ( R 292 |'R
R 3 R 3
+ 10J3 (_Reg_ sin’i sin’u - 6 J3 __%_q sin i sinu
BR 1 AP_ LR2
- gp_p__ [1+e?+ 2ecosf]? sinf -
R 2 ) R 3
sinf eq 2. _ i5 eg . 8. s 2
+ —4)9 3dq ( R ) sin“i cos u 9 J3 R sin”i sin®u cos u

8 1
2 1
+§J3 (—ﬂ) sin i cos u—&%R— [1 + e + 2ecosh]? [1 + ecosf]

2 R

APrMR2 sind Reg ‘
- + & -3J, ( ) sin®i sin u cos u

um e R
R 3 R _°

15 eq . 8 s 2 3 eq .
- +.—-

5 dy ( R ) sin“i sin“u cos u 2J3 R sinicos u

1 AP MR?
T

2 1
_ DBR” 1+ e + 2ecos0]% [1 + ecosf] -
P Hm

For convenience the effects due to the three perturbing forces will be considered

separately below. For %] only the first, second and third terms of the
G

expression remain, and become
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[ do ] 3 o ' Y 2
a@ - —2 - + =

do G 2p2 JzR CO0s”1 9 Jz Req sin”1 2 9 Jz eq
. .
F'g_;’_’ =33 00521—2_ S1n2'+§J

a [, 2 4 2SI T o

~ 2
[gﬁ} = 3L 3 (4 - 5sin%]
G

The effects due to drag become

- 9 . 1
dw — pBR’sind [1+ e® + 2ecos0]? {ecosd - 1 - (1 +ecosb)}
dé D ep

2.3 41
_d_("')_ :M [1 +eZ +2eCOSB]2 (_2)

dBAD ep

_ _ 2pBR?

[1+e? + 2ecos0]
ep

sinf

11
} L 2pBa el (1 - ot)? H
D

=&

+ el 4 2
ca(l- e [1+e“ +2ecos0]° sing

o, &
5 |€
. ]
o ha
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-

[dw] _ 2pB/J.-2_ (1 -¢ed»
—= == 1
dt D

ea?

0] a

[1 + e® + 2ecos0]? sind

do
dt

1 will vanish over [o,27] if we consider p = p (R) to be an even function of
D

0. Thus (%] = Q.
D

The effects of solar radiation pressure remain

AP LR2cos6é AP MR2sin6 AP MR3sin6
[9191] _x r r |
do | o

pme Hmye © upme
2
dw | _ APR Leosp - Msind _ Msing
dé S ume 1+ ecosé
2
dw API‘R Msinf )
_t_ = _1__.% Lcos6 —m - Msin®
S pla‘me
5 AP R?
~ 2 .
dw =§ ‘lig gy (4 - 5sin%i] +—11‘—_3-— Licosf - _ Msin6 Msin®
dt 4 5 > 1+ ecosf
S a mu-a“ e
dr
4, Derivation of —£
dt
dr x_*EZR
L __ P2 lysinge, - [2(1 - +esin0le. } F
dt b {zpsmOeR [2(1 - cosB) + esin®f] eL} F
dr r 2
—P___PB_
de

3 _ _ —
- 5—2 {ysind ER-(f}G+‘fD +ffS) - [2(1 - cos#)
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+ esin?6] EL . (§G +3TD +§S) }

dr T 2R3
[_J)_]G _ ___%?_ { ysing (—e-R_ f}—G) - [2(1 - cosf) + esin?6] 'éL- §G}

2

dr ur R 9 Re 3 Re
pl P . 9 q S PR I -£&q
lt ] = - ph2 sin@ [2 dJdy (R ) sin“i sin“u 2J2 ( R

2

3

R R
+ 10J, (?eq) sin’i sin®u - 6J, (‘R‘g‘

sin i sin u}

2

R
+ [2(1 - cosf) + esinze] EBJz (—I%q) sini sin u cos u

3

i5 Reg
1o c 3. .. 2
T ds (R s1n1s1nucosuj|
dr
On integration of the above expression for E—GB all terms will vanish
G

due to the odd powers of the trigonometric terms involving u

dr r ’R —
Etp_ D: _ —PpT{ Ysind ( ER'§D) - [2(1 - cos8) + esin?g] (EL- ‘fD)}
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dr

The drag effects —L21 are
dt
D
r dr | uxr szB 1
—d-gz = - —ﬂﬁg— [1 +e? + 2ecos01® {-pesin0 + [2(1 - cosf) + esin?0]}
L o P
[~ dr | Iy 2Rz,pr 1
—B == 5 [1+e?+ 2ecos0)2[2(1 - cosd) ]
dt hp
L JD
[— dr | 2ur 2pB 1
—P -—B [1+ € +2ecos6]%[1 - coso]
dt hp
. JD
M Z. 2
dr 2ur “pB 1
—d;;E =-—3 3 [1+e? +2ecos0]?[1 - cosh]
i |D a? (1 - e?)?

r dr r 'R —
@ S - _Rpﬁ—_ {‘PSinG(ER'Cfs) - [2(1 - cosf) + esin’f] (& C‘}:S)}

[ ar r °R YsindAP L AP M
-2 - _ P J_ T +[2(1 - cosf) + esin®0]
dt ph m

| S
dr 2AP
P - rlp r -Lsing + 12(1 = cos0) +esin*9 1M

5 5 +
dt S pPa (1 -e¥)?im [1+ ecosh]
dr
Hence the final expression for a‘p- is
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1 1
dr 212 r 2pB 1 + e + 2ecosf)?
dtp_— — P 3 = [1 - cosh]
a2 a - e2)2
2
. ,rp API‘ i [2(1 - cosf) + esin®91M
- 4 ~Lsing + 1+ cosb
muZ as (1- e2)2
d?a
5. Derivation of Gt
dra razR _
— = infd e_ + + - esin?0] © . F
dt hp { ysined °R [2(1 + cosB) - esin“0] eL} ¥

dra raZR _ —
[—] " hp { ¢sind ( ep ¥ [2(1 +cosf) - esin?] (& 3g) }

dr

Since the above expression is identical to [E)R] insofar as trigonometric
G

terms are involved, it vanishes over [o, 27] in the same manner.

dra /.LraszB 1
—_ =-——3— [1+e® + 2ecos0]? {yesin® + [2 (1 + cosh) - esinZ0]y}
dt D hp

i

dra urazpB 1
[:——] =-——— [1+e®+ 2ecos0]® [2(1 + cosh) ]
D hp
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dr 21T 2;oB 1

a _ a 2 12

[——dt ] =-73 3 [1+¢e°+ 2ecos0]°[1+cosh]
D a? (1 - e?)?

dra razR _ _
[ at }S = hp {ysing (ER-f}S) + [2(1 + cosh) - esin0] (EL- ?S)}

Fdr, raZR AP L AP M
—E—] =k Ysind |- - +[2(1 + cos@) - esin®8] |-
L S P
i ZAP
dra] Ty 2y , M[2(1 + cosf) - esin6]
P 1 {Lsin +
| dt S mug 3.2 (1- 62)2 {1+ ecosd]
dIN'a
Hence the final expression for G is
~ 4
dr 2ulr 0B 1
_a a 1 2 12
at -—3 ——3 [1+e°+2ecos0]° [1+ cosb]
a? (1 - e?)2
2
o I;Ia AP ~ {Lsino + M[2(1 + cosf) - esin®]
mu_“’- a? (1 - ez)—z— 1 + ecoséd
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KILGB HPC - o T T perisres T

o  BXTERNAL FPRMLLA NUMBBR -  SOURCE STATEMERT - INTERNAL FERMLLA NUMBER(S)
1001 BETA=TANZ2PI(CL;CM)-TAN2PI{CLS,CMS1~180.#CAMMA/PI . v11C
2002 IF(EETA) 2C00,2001,2001 #1111

2000 BETA=BETA+260, = __ . . Lo . . D 2 v

G2 T8 2002 ’112

__ 2001 _CEZNTINUE _ - . . ) 'S § 1)

700 AMP=HKM/40C0. 41 +e9144448S1G4o384SIG2)%EXP (~(2,=HKN/{405.+142.451G)

11%#2) .. o Lo C S118

710 AMPS=.245+.,0425%S1G~.C625#5162 #11€
e U=ANMPx(-,08#EXP {—{(BEYA-250.)/55.)##2) +AMPS#EXP (~((BETA-13%,)/_ . . _ _ .. . .. .

134.)#n2))+AMP 4, E—£#BETA 4117
_ FACT=1.4(1.-Chas2)sL _ B . . - . . . Y118

RHPA=RHDASFACT #115

3000 RETURN . . , o d12¢

END 4121

KILGZ TANZIPI 06/18/¢<
_____. _EXTERNAL_F@RMULA NUMBER - _ SPURCE STATEMENT - _INTERNAL FCRMLLA NUMBER({S).
FUNCTI®N TAN2PI(X,Y)
€ . TANZPE=ARCTAN(Y/X) _ _ . _ __ S R _ . cees L
[4 TANZPI EQUAL @R LESS THAN 2PF aSEe
€ __TAN2PI.. EQUAL _BR_ GREATER._  THAN ZERG = .- L. cser. . .
RADCEG=57.2957795 c9€e ‘1
1F{Y)152,3 [ L - . .C9ES . 42,
2 IF(X)Sy446 c9s¢C »32
4 TANZPY=1a0FE+3C = . _ _  ___ . ... . . . . €9¢1 | v4
Go T8 20 c9sz #S
.5 TAN2PI=180,0_ o S oL e .. .. ...0952 e
G2 T2 20 €94 $7
6 TAN2PE=0J0 L o €96t FIn
GZ 1@ 20 C9GE 7S
) IFUX)7,8¢9 .. __ .. L . o €9s? _ S10
7 TAN2PE=180.+RADCEG#ATAN(Y/X) #11
. 6B TB 20 . . o o _ . ... . _cs9ss v12
8 TAN2PF=270.0 €9551 13
G2 Y@ 20 ~ e 09sse 414
9 TANZPI=360.+RADCEGSATAN(Y/X) 15
. _ G#.T8 20 _ _ J - ... . . .. .tassc. 11¢€
3 [F({X)7410411 CSSSE 417
.10 TAN2PF=90.C . . e L L. e . . _ .C3SSF 418
Ge 19 20 T4 | W19
11 TANZPI=RADCEG#ATAN(Y/X) L o . . ¥20 _
20 RETURN C9ssSH 21
END e o e L o e9ssy . d2z .
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KILGE CNTRL 06/18L€S
BXTERNAL FPRMLLA NUMBER - SPURCE STATENMENT - INTERNAL FEZRMULA NUMBER(LS)

REAL IBMET,MASS,INTERA4INTERP
DIMENSI@N FTENB(152),FTEN{153),APL153) A

DIMENS IEN " MATI(9) yMAT2(S),MAT3(G) ,EFP(8) EFE(B),SFE(B),
1SFGI8),EFGIR) +BET{E),BEN(E) ,BEE(BT,¥BT(8),MEN(8),MEEIB),ANATI(9),
1BMAT(9),CMAT{S),AINAT(9) yRIMAT(9) JWNATI9),TEMP(20) ,IBMET (2],
1SYIC(13),PLT(E),WDEMAT{S),WDMAT( 91, hSUBL(9) 4 WSUBLIT(9)

DIMENSION COPRIM(25),
LATTACK(45),CN{45),AREA(45) yMASS{2%),INTERA{6),INTERP(6), _
10AP2GEL10),CDAL{50),CUTZFF(2),CATEL3),CARREC(110)

DAUBLE PRBCISIBN KERTHyKAPRA,PHIZJLAMDE,- AZ,BP,IMEGA,AE,
1JJy FH/DDyTTT, THETA,RRR¢PSI ¢
1LAMCyVE,ALPV,EV, XS, YS,2S¢yXDS, YDS,2DS,AXIS,ECCEN,INC,

LASNZDy'ARGP ) ANEM,ECANZM yMNANDM , XE y¥YE 4 2E 4 XCE 9 YCEyZDE yXEP o YEPyZEFP 4
1XDEP,Y.DERyZDEP, XP,YP,ZP,VP ¢ALPP,ER,RPHIZRLANCB,RZMEGA,RPSI24RO
1BETA,AMAT,BMAT, CMAT.AIMATJHMAT WINAT/RKAPPA,RTHETA¢XEC, YEC4ZECS

_LTEMP,RRRE#PSIE{LAMCE,VEEyAUPVE »EVE,MATL ,MAT2 MAT3,EFP,EFE,SFE,SFG,

1EFGyQET ,AEM, BEE M2T yMOM MBE AL A24A3,C1,C3,LRyCRSEWSRySNyC2V,
181,B2,83, AXISB4ECCB, INCByASNB,ARGB,ANMB,ECAB,MNAB,

1PITCHyRANGEyALT,ECV.EEV,PERIGE 4 APEGEE,PERIOL ,FVAPEG, MVPERGy
1MVPERDyBIMEG+LOMEG,PLTyXGyXG+2Gy XDG,YDG,2DG, TFM

14 XPLyYPLy#ZPLy XOPL,YCPL#ZDPL,WDBMAT,WDMAT,WSUBL ,WSUBLT
_D@UBLE PRECISIZN TZLX,DPR,RIE
"CAMMBN/HBLK/XKERTH, XAZ { XBE g XAE , XJ3y XHH , XCD y XDANEM, XF o XPRINT,
IXATMOAS s XDEURN 3 XXLAG ¢ XMVA ¢y XMVP 4 XCDPM(25) , XMASS(25),

ZXATTKI45)aXCN(45).xAR5A(4S).XINTAtb),xanP(s).xCApﬁtlo),
3XCDAI50), XCUT(2) ¢ XXCATL{3) 4XCAR(L1C) yXIN,XASN XARG

44, XECLPT,XAMPR, XFTENB(153) ,2FTEN1153) ,XAP(153),XSA,XSR
CAMMEN/BLK/KERTHyAR BB yAE s JJyHH,DC, TTT,RRRyPST,LAMD,VE,ALPV,
1EV,XSeYSy2SyXCS,¥DS,ZCS,AXES,ECCEN, INC,ASNOC,ARGP,ANGM,ECANEN,

IMNANBM 4 XE y'YE 4 ZE » XDE y YDE ¢ ZGE y XEP, YBP ,ZEP , XDEP , YDEP , ZDEP y XP,YP 4 ZP 4

LVP, ALPP,EP,RPFHIZsRLAMDB,RZMEGA,RPSIZ¢RO,BETA,ANAT,BMAT,CMAT,

JLAMCB,KAPPA, BNEGA,PHIZJTHETA, XGy YG 4 2G ¢ XDGy YOG, ZDG, TFM,

1XPL,YPLyZPLy XCPL #YCPL 4 ZOPL ¢WDEZMAT4WEMAT , WSUBL , WSUBLT 4
1AIMATyWMAT yWIMAT yRKAPPA,RTHETA , XEGy YEC , ZEC 4 TEMP,RRRE PSTE,LANCE,
1VEE, ALPVE yEVE,MAT1,NAT2,MAT3,A1,A2,A34C1,C3,LR,CRSE,SRySN,C2V,

1B1,B2,B3,AXISB{ECCB, INCB,ASNB ,ARGE , ANMB,ECAE ,MNAB,

1SHZRT#XLING

__DATA LIPMET/EHSHPRT /,I18METL2)/6HNGLENG/

DATA CN/SHALPHA /,CN(2)/1./,CN{2)/23€0./,CN(4)/6HEND /,
1CDOPRIM/1./,CDPRIM(Z)/04/¢COPRIM{3I/EHEND /+ATTACK/O./,
2ATTACK(2)/2€04./ATTACK{2)/6HEND / yAREA/6HALPHA /,AREA(2)
3/1./73AREAL2)/260./7,AREAL4)/O6HEND /¢ MASS/6HCEN 7yMASS(2)
4/1e/+MASSLU2)/Ce/4yDAPBGE/~20./4DAPRGE(2)/Ce/ +PRINT/6HNBRNMALY

. SATMES/6HARCC /3DIURNL/EHNEAN /,BCLIPT/23.4436/

DATAICORREC{I)¢41=1441)/

1 .lZ,SOOéf.lB,QOO.,.142,350.,.184¢3C0.,.22,280.,.275,260.'
1430452500924+ 240090385,220010425¢220019¢47921009052920009456°%
1190.,.62118b.,.7,17C...8 '160a 9eB49415509.869150e91091485091e904y

16HEND 7 _
DATA LDATE(1),1=1,2)/54418.,1G64.4,SA/0./
DATA S@/10C./4AMPR/C4/

DATA XG/0JCO/,YG/0LE0/42G/0.DC/y XCG/0.D0/,YEG/0400/,
12DG/0.DO/ ¢ TFM/0.00/,XLAG/Ca/
DATA{DAPZGE{TI){1=21,10)/-5.9y67784 y41Ca 965784 +3-20490040.304+0.,C3/

DATA KERYH/258603.2C0/4
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TTUTUKICE8 CNTRU T ) - ) T oerigres
EXTERNAL FBRMULA NUMBER -  SBURCE STATEMENT —  INTERNAL FERNULA NUMBER(S)

1KAPPA/105,D0/,PHIA/28.500/ #LAMDB/80.500/,AB/6378.165D0/, o .
280/€356.TR4D0/ 4 BMEGA/15.041067050C/ ,AE/6378. 16500/ ¢
3JJ/.00162345DC/ »HA/.000C0575DC/,D0/.000CCT8T5D0/y
4CANEM/ 10</2,F/29823/,

8 R PRINT/6HNORMALZy
9INC/30./+ME/180.7,CAPEZ/18CL/

DATALAP(F)121,141)/ o o L
12.34,19584,2.485195€. 8414 ‘89,1658, S, y 25 1.1959-,2 97+1959.1,2.424
 21959.2,2.565155943,2.595155944925291955.553.1611959.643.50,1959.7
3924641959, 8,2 89,1555, 9‘2‘57 196C, 3232+11960.142.44,1960.2,234241
.1960.352.79, . . o T o

11960.4,2.92,115604542.71,1660. 672.75'196C.7'3.2311960.893.44’1960.9
15204901961 0120275156101,2.32,19612242229,1961.3,2.40,1961249256991 o
1961.5924269
11961¢652.1851661a791e85916614841.52,1961:.951.49,1962,41.73,15¢62.10 .
11.81,196242+2.31415€2.3,1.605,1962.4,2.18, 11962.5,2.62,1962.642.9441
1962 7ﬂ3 08, ) . L . L R N . R .
11962¢8,2.01516624951475,1962441.7241963.1,1.56,1963.1241.51,1563.2
11519860 1962229, 208196328 52.06,1963a4612023,196325%s203551563262 o L
153,264
1196247142204 196347692:0291962.88¢1.98,1563.9612.0641964.04452.21s .
11964.12,2.16,1964421,2025,91964.2941.81,1664. 38,1.73,1964.46,1.89,
11964¢5441€8,19644€29)7841964.7191.6741G64. 79!.907196€V88'117AJ96 . . = o
14.965245415654,5245,2000.46HEND A
CATA(RYENB(T),1=1,57)/ el .
1243.6419584+220.74155845,22645,1959.,208, 941959.5418045,1960.,
2161451960.5,120.8,1561+4104.8,1961,5¢99.3,1562.48947,1962.5,_ o -
382.791963.980.84519€20597T74991964.¢7Ce9196445975.41965.,
 4B7.31965455131.,1966.5/186451967.54200.,1968.5,1904,1969.5y'_ X L. B L .
5163491970.5914291671441284,1671.5,1084,1972.5,94.41973.5,
681491974459 75491975e37541975.5, ; R e

46HEND  /
__ DATA IFTEN(1),151,2)/0440.96HEND _ / _ _ _  __  __ _.._ .. o __._ .
DZ 1 I=1,8 1
. _EFP(D)=-0. e — . P ; de__
EFE([)=-04 )2
SFE(1Y=-0. . e ____ 14
SFG({I¥==0. o+
_PLTIId==0S L o o . e .
EFGLIY==0. 27
_BET(I)=-04 . . . . ve_
BEM{I)=-0. #S
PEEL1Y=-0 — e A16
MET(I) =—0. v1l
MEM{I)=-0. L N ¥12
1 MRE{1}=-0C ¢13 v14

75 CALL MAVREK{[ERRySHKERTH/KERTH,»SHKAPPA,KAPPA J4HPHIZ, PHIG, . o
1SHLAMD@,LANCE s 2HAC ,AB» 2HE 2 yB 3, SHENEGA , EMEGA 4 2HAE 5 AE
12HJJs 3, 2HFH, FH, 2HCC, DD SHIBMET, IEMET , 3HEFP, EFP,3HEFE,EFE,
13HSFE,SFE,3HSFGsSFG,3PEFGsEFG3HEET 48E T, 3HBEN, BEM,
13HPEEBEE ¢ 2HMET ,MAT, 3HMEM 4 MBM 5 3HVRE JMPE y3HPL T, PLT s 2HXG s XGy
TTI2HYCyYG42HZG, 26, 3HXCG s XDG ¢y3HYDG, YOG 4 3HIDG, Z0G, 3HTFM, TF¥,
LSHDANBM ,DANTM, LHF yF , 6HCOPRIM, COPRIM, 6HATTACK s ATTACK,

leINTERPpLNTERP'6HCAPZGE.DAPEGE"FCDA,CDA SHPRINT»PRINT,
16HCUTEFFyCUTBFF 4HCATE JCATE , 5HATVES ,ATMES ,6HCORREC,CERREC,
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KILGA CNTRL

06/18/¢€5

EXTERNAL FERMLLA NUMBER -  SBURCE STATEMERT - INTERNAL FERMLLA NUMBERLS)
16HDTURNL #D IURNL  3HLAG + XLAG y4HF TEN¢F TEN{SFFTENB . FTENB  2HKP, APy
L6HECLEPT,ECLIPT,2HSA, SA,2HSB, 58y 4HANPR, AVPR) #15
. IF{IERR)TE,T7,76 416
76  WRITEt6,78) 417 418
78  FORMAT{1HO17HCARD FERMAT ERROR) B
CALL PDUMP #19
GBTeT5 #20
77 CONTINUE vzl
IF(CET.EQ -0, 168 T2 & $22 423 424
IF(ZET(2).CT.1.)60 12 3 #25 426 927
D2 2 I=3,8 +28
IF(EETI 1) INE.-0.)62 T2 20C 29 420 431
2 CENT INUE $22_ 433
MVAPZG=CET*(1.+BET(2)) 424
MVPERG=CET#(1.-@ETI2)) 25
SWITe1. 926
G8 T2 100 427 .
3 DZ 200 1=3,8 728
IF(2ETI 1) NE.~0.)G2 T@ 301 29,40 g4l
300 CONTINUE 742 443
MVAPEG=BET 44
MVPERG=EET(2) 45
SWIT=1. r46
Ga Tg 100 a7
301 TEMF=LEET+EET(2))/2. o $48
PET(2)=(ZEV-BET(2))/(GET+ZET(2)) 449
@ET=TEMP #S0
GoT2200 #51
4 IF(2EM.EQJ-0.168 T2 7 FE2 .53 ¢S54
IF(EEM(2),6T.12)68Te 6 ¥ES .56 457
DE 5 1=3,8 B JE8
IFLCZEM{T) JNE.-0.)GETA 2CO F€9 460 g€l
5 CENTINUE JE2 463
MVAP2G=0EM«(1.+BEM(2)) HEh
MVPERG=QEM® (1.~BEM(2)) V€5
SWIT=1. fE6
G8 T8 100 267
6 DB 202 1=3,8 V€8
302 CONTINUE J€9  ,70 o
MVAPBG=0EM 4171
MVPERG=EEM(2) #72 }
IF (BEM(I).NE.-0J) GB V@ 203 ¢13 L7475
SwiT=1, 16
GE¢ T8 100 17
303 TEMP=(BEM+CEM(2))1/2. v 18 o
PEM(2) = (BEM-CEM(2) )/ (GEM+ZEM(2)) 79
PEM=TEMP Je0
G2T2200 FE1
7 IF(ZEB.EQ -0.)GE Tg 10 /82  ,83 484
IF(ZEEL2).6GT.1.)63Te 9 485 ,86  ¢B7
DZ 8 1=3,8 /E8 =
IF(REE{ 1) NE.~0.)G2T8260 YES 4,50 45T
8 CeNTINUE #52 463 o
MVAPBG=CEE(1.+CEE(2)) ¢S4
MVPERG=(CEE*(1.~@EE(2)) S5
SWIT=1. $56°
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KILGB CNTRL

EXTERNAL FEZRMULLA NUMBER -

6272160 -

9

304

DZ 204 I=3,8
IF{EEE(])/NE.-0.)Y62T@305
CONT-INUE

__MVAPBG=OEE_
MVPERG=0EE(2)

SWiT=l. I R

_305

GATE100
_TEMP={ BEE4BEE(2)) /2.
PEE{2) = (@EE~BEE(2))/{ZEE+REE(2))

_BEE=TEMP

10

11

_ CONTINUE

GoTE200

IFIMBT.EQJ~0.1GR T2 13
IFIMBT12)/GT.1.)60 T8 12
D2 11 1=348
FFIMATII)JNE.~0.)GETB26C
MVAPBG=MAT#{1.+MAT(2))
MVPERG=MAT#(1.-MBT(2))

12

SWIT=1,
GBTE100 o
DZ 206 I=3,8

IF(MBT(I) SNE.=0.)GETA307
CONT INUE
MVAPEG=MET

MVPERG=MBT(2)

SWiT=1. -

G2T2100

TEMP={MET+MBT(2))/2,

MET(2) =(MET-MET(2))/(MBT+MAT(2))
MPT=TEMP_

_16

GeTp200

CIF(VOM.EQJL-0.)162TE 16

IF(MEML12) JGT.15)6DTE1S
DBl4 E=3,8
IF{M2MI 1) NE.-Q.1GETB260
CONTINUE
MVAPBG=MEM* (1. +MBM(Z))
MVPERG=MAME[1.=MBM(2))

SWIT=1.

_GeTe100 i

0¢ 308 1=3,8
IF(MPM{ 1) /NE.=0.)GETA3ES
CENTINUE

MVAPQG=MaM

MVPERG=MZM({2)

SWIT=1.

" 62TE100

TEME=LMOM+POMI2)) /2.
MEM{2) = (MEM-MEM(2) ) /(MBM4VEM(2))
MEM=TEMP

GE2Te200

IF(MPELEQJ-0.)GAYR 200
TIF(MBE(2).CGT.12168T2 18

CA 17 1=348

150

TF(MPE{ 1) <NE.-0.)GETA2CO

SAURCE STATEMENT

067187€5

- INTERNAL FEZRMULA NUMBERLS)

¥sT
¢58
»S9
¢#1G2

Y164

¢¥105
y1CE€
¢167

9168

¢#109
¥11C
v111
v112
S118
»11E
v11S
v¥l22¢
’124
v12E
v12¢€
0127
¥12E
¥12S
$132
v124
»138
¥13€
#137
v128
¥136
v14C
v141
Y142
¥14E
V148
v145
v152
v¥154
¥18€E
v15¢
¥157
¥1Z€
2155
y1lé2
v164
71868
v16¢€
o167
f1€8

4166

¥17C

01717

/172
Y175
#17€

21767

»100
2103

_el13

1116

»120

»130
+133

1143

,150
»152

2160

v163

172
1176

v101

114

4117

T el21
w123

¥131

r144
147

#1517

v1€&1

v174
#1777

»181

180



17

18

310

311

200

100

.50

60

51

52

_CONT INUE

IF(MBE(]) JNEe-0.362T221)

KILGE CNVRL

EXTERNAL FERMLLA NUMBBR - SPURCE STATEMENT

KVAPRG=MBE#(1.+MBEL2))
MVPERG=MBE®(1.-MBE(2))
SWiT=1.

GaT2100

D? 210 [=3,8

CONTINUE

MVAPQG=MOE
MVPERG=MAE(2)
SWiT=3,

G2T2100
TEMP={MPE+MBE(2)) /2. I
MBE{2)=(MBE-MRE(2))/(MBE+VMAE(2))
MOE=TEMP

G@8Te200

SWIT=0.

CALL TRFMIKERTH,KAPPA,PHIZyLANDD,AQ,BE,ENEGA,AE,JJ HH,
100, IOMET,EFP EFEySFE,SFGYEFG, ZET +QEN, BEE +MET MOV, MBE,
1PLT,XG, YGsZGy XDGyYCC, ZDGy TFM, MVAPRG ,MVPERG, INCB,ASNB,ARGB)

MVAP2G=MVAPOG+AE
MVPERG=MVRERG+AE
XKERTH=KERTH
XAMPR=AMPR

XAQ=AQ

XB@=8B0

XAE=AB

XJJ=J4

XFH=HH

XKSA=SA

XSR=S®

XCD=DD
XDAN@M=DANEM

XF=F

XPRINT=PRENT
XATMBS=ATMES
XDIURN=DIURNL
KXLAG=XLAG
XMVA=MVAPQG
XMVP=MVPERG

D@ 50 1=1425 _
XCOPML1)}=CCPRIMLI)
KMASSLI1=MASS(])
XECLPT=ECLIPT

DZ €0 1=1153
XFTENBLI)=FTENBI(I)
XFTENLT)=FTEN(T)
XAP({1)=APLI)

02 51 1=1445 E
XATTK{I1)=ATTACKI(I)
XCNT 1Y =CNE )
XAREACTI}=AREALI)
D2 S2 I=1y4¢€
XINTALII=ENTERA(I)
XINTPLI)=EINTERP(])
0@ 53 1=1,10

06718/¢€5
INTERNAL FZRNULA NUMBERLE)

J182  ,183

v184

#1185

)186

v187

418¢

¥185 190 4191
¥192 4192

¥194
#195
v19¢
v197
v158_
v¥19S
+J2a¢
v2€1
vzoz

»203
vy 2C4
¢2CE
+2C¢
#1207
yzce
#2065
#21C
vell
vZ2l2
¥212
#2114
#1215
vZ1lé
¥217
¥218
v21S
vZ2C
v221
Y222
#222
v224
v22%
V226 9227
)"228
¥225
#23C
#231
Y232 1233
v234
v¥23¢
#23¢
+237 ,238
¥22S
v24C
w241 4242
7242 )
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KILGB CNTRL 06/18/ €5
i BEXTERNAL FPRMLLA NUMBER -  SAURCE STATENEAT - INTERNAL FEZRNMULA NUMBERLS)
53 XCAPB(1)=DAP3CE(]) Y244 4245
D2 54 1=1,50 724€
54 XCCA{1)=CDALI)  4z47 4248
XCUT=GUTZFF Y e4S
XCUT(2)=CUTAFF{2) ) _ y2sge L _
DC 55 I=142 v251
55  XXDATL1)=DATE(}) v252 4253
DP 56 1=1,4110 vZ54
56 ___XCPR{I)=CZRRECLI) 455 4256
IFISWET)57,57,58 V257
57 _ XIN=INCB . w256 ___ L
XASN=ASNB Y255
XARG=ARGB v Z6C
GE 16 59 vZE1
58  XIN=INC 4262
XASN=CAPZ vi632
 XARG=WS L vzk4_
59 CALL UIFE Y268
G212 15 v26€E

END v €1
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104

7000

KILGA LIFE

06/418L¢€5

EXTERNAL F@RMULA NUMBER - S@URCE STATEMENT - INTERNAL FERNULA NUMBERLS)

SUBRGUYINE LIFE
REAL JJI+KERTHy INTA, INTP,MASS,¥T, INTERAyINTERP, INC,NI
DIMENSIBN CATE(3), XMEZNTH{12)

DIMENSI@N CBRREC(11C),SELAR{3Cl)

DIMENSION TH{E)+INTERALE) yTINL(6) ENTERP(6) 4
1ICASE(365)yE(3€5)yCEPRIMI25) ,AREA(45)4CN(45),
2ATTACKL45) 4 STEPAL3E5),STEPP(365),MAS5(25)

DIMENSIPBN FTENB(153),FTEN(153),APL153)

COVMBN JARCC/TEMPT.TEMK,PRESS,PANMIN,
1PSPZ,RHZ,RHOSRA,VISC,VISCSL,KVISC4VS,6

DATA DPR/57.265779%5/, PI123.14156291/,SABCI/6HSINE 7/
LeBCITEM/G6HTIME / o

DATA AIDZ6HA /+PID/EHP /CETID/6HDETAIL/,
1SHRIDAGHSH2ZRT 7 .

DATA ENDID/G6HEND /

DATA (XMONTH{T)}sI=1,123/312,2809314,30e92314,30443149310,
130.931.+30,931./

DATA ARDID/6HARDC /,LUSSID/Z6HLSSTC /4DINCR/6HNBRMAL/,
1DIMM/EHMEAN /

DATA AT1/6HARCC /,AT2/¢HUSSTD /,AT3/6HPEE /3 AT4/6HSMALL /,
1ATS5/6HSPEQAR/
COPMBN/HBLK/XKERTH XAD §XB@ ¢ XAE s XJJ g XHH 9 XCD 5 XCANEZM y XF o XPRINT ,
1XATMBS s XDIURN 3 XXLAG ¢ XMYAy XMVP , XCDPM(25) + XMASS(25),
2XATTKL45) ¢ XCN{45) ) XAREA(45) s XINTALG), XINTP (&) 4 XCAPB{10),
3XCDAUS50)#XCUT(2) ¢#XXCATL3) gXCER(11C) 4XINyXASN,XARG
4y XECLPT,XAMPR, XFTENB(153) XFTEN{153) y XAP(153) yXSA,XSR
COMMBN/CLK/APRJPERLyTIMESAE,SINI yU0,FyIJJsKERTH,
1CaS1, _JCNT,CDPRIM, AREA,ATYACK, CN,
2MASS,ADOT4PDAT¢PDBALC, TIMED
3y CISEEsDAC2yPER, TIMELyHH,DEL3
4,CAPDM1,CAPID, SMAM] ,ADTML yAPQ¥]1, SVA W, SMACM1, SMAID,CAPML1,CAPW
5,CAP2yDATE, XMENTH,FTENB,AP
6, INTERA, INTERP,DD,CANBM,DARDGE(LIQY,CDA(SC)
7+PRINT, CUTOFFL2), AToRPAT,SACOTI
8yREVAL 4 MT,'VPI,PDIX
9, PN(6) AN L) REY]
1,CORREC s SZLARyATMZSyFTEN/DIURNL y XUAG, RHEXXy SBySA
1,ET1sRIPPyRIPA,AMPR
D2 10 I=14365
CASE(})=0.

E{I)=0.

STEPA(I)=0.
STEPP{1)=0,

REV1=0,.

REVZL=0.

TIME1=0,

07 104 1=1,5

INTERA(T)}=C.

INTERPLI)=C.

CD=C.

TIME=0.

Da 7000 I=4,110
CZRREGLI)=C.

00 857 I=1,152 .
FTENBL{ I )=XFTENB(I)

o1
2
2
Y4
4
47
ve
¢S
Y16
W11
d12
v14
v1E
J16
v17
/19

S

153



'KILGA LIFE
. . . _.BEXTERNAL FPRMULA NUMBER

_— . SPURCE STATEMENL

TTo6r18res
-~ _INTERNAL FERNULA_NUMEERLS)

FTEN(EF)=XFYENUT) _ .21 .
857 AP(1)=XAPL]) ¥22 423
. . _BCLIPT=XECLPT . - - v24 .
AMPR=XAMPR ¥25
_SA=XSA_ [ . — . . P26 i,
SZ=XSR 427
KERTH=XKERTH _ _ 228 o
A3=XAB #29
___ _Be=xsg _ _ _ e L #20 Ll
AE=XAB #31
_ Jd=xJs o B #1322
HH=XHH #23
DD=xDD 24 _
OANZM= XDANZM #35 -
.. L E=xXF . S e ¥26 Ps
PRINT=XPRINT 27
_ATMES2XATMES : /28
DIURNL =XDIURN £329
XLAC=AXLAG 440
APD=XMVA J4al -
PEA=XMVP_ . o 442
D2 850 I1=1,25 143
B COPRIM{I)=XCOPM(I) _ . r44
850 MASS(E)}=XMASS{I) $45 $46
D2 851 1=1,45 I W4T B
ATTACK(I)=XATTK(I} 448
. CNLID=XCNET) L o ’49
851 AREA(})=XAREA(}) 450 251
. D2 852 I=1,6 . . . #E2
INTERAL =X INTA(I) ’E
852 INTERP{I)=XINTP{I) . o vE4 455
D@ @53 I=1,10 fTE T
853 DAPCGE{I1)=XDAPO(I) _ . 457 +58
08 &54 1=1,50 YE9
854 CDA(I)=XCDALI) : o $EC 4 €1
CUTZFR=XCLT J€2
CUTEFR{2)3XCUT(2) . _ €3 .
pa 855 I=1,3 JHE6
855 DATE(F)=XXCATII) P - vES 166
pe 856 1I=1,11C JET
856 _CZRREC({I)=XCORLI) oo B } . __ JE8 S €9
INC=XEN v70
CAPZ=XASN _ B X ) U o
WE=XARG v72
3015 _C@NTINUE o _ L _ L L ¢13
2700 F@RMATWL1HO,1AE/)
= WRITEL6,30) ~ oo . R . ’74 .75
30 FARMAT(1H1 ,25X,27Hexsns EARTH COASTANTS #vzaas)
WRITEL6,31)JJ,HH)CC,KERTHJAELF . #76 17 478
31 FPRMAT(1HOZ21HEARTH SECZND HARMENIOE15.8,5X,
__ 120HEARTH THIRC HARMENICE15J84+5X, . A .
221HEARTH FEZURTH HARMENICE15.8/,
__ 31H 40HEARTH GRAVITATIONAL CBNSTANY {KILEMETERS, B R o
423H CUBED/SECENDS SGUAREDIB15.8/,
51H 30HEQUATIRIAL RACIUS {KILZMETERSIE1S.8,5X%, -
611HELLIPTICITYELS.E/)
L 4
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1400

33
.34

1100

1103
1101

1102

1104

.1105

22
.35

36
702
700
701
37
38
39

705
703

704

40
42

41
43
44

KILGA LEIFE
__BXTERNAL FORMLLA NUMBER _ -  SBURCE STATENEANT

WRITEL6,14C0)

FORMAT({1HO,25X,32Hsssse BALLISTIC PARAMETERS sesas)
IF(CDA-SNBCI)22,33,22

WRITEL16,34)

_FBRMAT (1HO11HSPECIAL CDA)
WRITEL6,11C0)

FZRMAT(1H 17HREVI(CYCLES/BRBIT),5Xy1CHTINE(DAYS))
KK=2

IFICCA{KK)-ENCID)11C1,1102411C1
KK=KK+2

G2T21103

KK=KK=2

D2 1104 1=1,KK;52
WRITEL6,12C5)CDALTI+1),CCALE+2)
FARMAT({1H E15.8,5X,E15.¢€)

WRITE16,35)

FORMAT [ LHOZ24HANGLE 2F ATTACK FUNCVIZN)
WRITE(6,36)

FARMAT(IH 14HALPHA(CEGREES) ,6X,
116HANBMALY.{DECREES))

KK=2
IF{ATTACK{KK-1)~-ENCID)7C04701,700
KK=KK+2

G2 T2 702

KK=KK=2

D2 28 1=14KK,2
WRITEL6,37}ATTACK({II,ATTACK(I+]1)
FOPMATU1H E15.8,5X,E15.8)

CONTINUE

WRITE1 6,39)

FARMATLIHOZBHCBEFFICIENT ZF DRAG FUNCTIEZA}
KK=2

IF(CNiKK)“ENDID)703,704,703

KK=KK+2

G2 T2 705

CINTINUE

IF{CN=BCITIM)40,41,40

WRITEL 6,42)

FZRMAT(1H ZHCN,18X,14HALPHAIDEGRERS))
G3 TB 44

WRITEL6,42) .

FARMAT{1H ZHCNy18X,10HTIMELDAYS))
KK=KK=2

D2 46 I=14KK,2

CWRITEL6,45)1CNIT+1),CNTUE+2)

45
46
47

708
706

707

FARMAT(1H E15.8,5X,E15.8)
C2NTINUE

WRITELGE,4T)

F2RMAT (1HO7THCCPRIME, 13X,
119HPERIGEEIKILAMETERS))
KK=2 ~
IF{CDPRIMLKK=-1)—ENCID}T7C64707,706
KK=KK#%2

G2 T8 708

KK=KK~2

D2 49 1=14KK,2

06/18BL€S

INTERNAL FERNULA KUMBERLS)

419

+80

JE€1
JE2
-
' 86
/a7
ves
€S
#SG

¢S1
962

¥Sé

+58

» €3

185

410C
v101
v102
4102

/104

v1CE
_410€

J1CS

) 111

f112
Y114
»115
v1le
117
Y11€
»"116

4121
#122

124
y128
w126

2126
v121

9122
f124
¢135
013¢
137

+107  y1C8

+110
#1112

+120

v123

2127 s2128

+130
+1132

/138
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TKILGE LIFE

. BXTERNAL FPRMULA NUMBER = = SEURCE STATENMENT

WRITE(6,481CDPRIM(E),COPRIMIT+Y) .

48
__49

_50_F3RMAT(1HOZBHEFFECTIVE CRAG AREA FUNCTIEN)

711

FARMAT(IH E15.8,5X+E15:8)
CONTINUE _ P
WRITE1 6,50)

KKe2
IFLARBA(KK)-ENDID)?7C9,T104709

709

" 710

Ts1

53 FPRMAT(1H ZOHAREA(METERS SQUARED)¢3Xs

KK=KK+2

G2 _T9 711

CONTINUE

IFLAREA-BCITIVM)S1452,51 . R

WRITELG,53)

" oeriBrEs

- INTERNAL FERMULA NUMBERLS)

52

54 FERMAT(1H ZOWAREA(METERS SQUARED)¢3X,
110HTIME(DAYSY)

55

114HALPHA(DEGREES))

G@ T8 55 R

WRITEL 6454)

CaNTINUE

_ 56
57

58

59
. €1

62

KK=KK=2

D2 €7 I=14KKy2
WRITEL6,56)AREA(T+1),AREALE+2)
FARMAT{1H E15.8,8X,E1548)
CANTINUE

WRITELL,59)

FPRMAT (1HO14HVASS CENSTANTS)
IF(MASS-BCITIM)S59,€Cy59 .
WRITE16,61)IMASS(2)

FORMAT(1H 23MINITIAL MASS(KILEGRAMS)IELS.8/)

IF{¥ASS(3)162,70462
WRITE{6,63)

63

_ T4
712

FARMAT{1H 22HMASS CECAY RATE(KG/DAY)¢3X,
114HF INAL MASS(KG)) JE

KK=2
IF(MASS{KK+1)-ENDIC)IT12,713,712
KK=KK+2

GB T8 714

713

64
200

KK=KK=2
D3 200 1=1,KK,2
WRITEL 6,264 )IMASS(142), MASS{E+3)

FORMAT{1H E15.8,11%,E15.,8) .

CBNTINUE
G@ 12 70

60
65

WRITE( 6565)
FERMAT{1H, 15MFASS{KILAGRANMS) 23X,

“T110HTIME(DAYS))

T
715

KK=2 .
[F(PASS(KK)-ENDTIDIT15,7164715
KK=KK+2 _

156

G2 T2 717
KK=KK=2

D2 202 1=1,KK,2

WRITE(6,66)IMASS{I+1)MASSLE+2)

"FORMAT(IH E15.8,5X,E1528)

CONTINUE

CeNTINUE

v13S

¥l42

v1l44
FITY
v 148

/145
/15€

2147

1140 _

2143
v 145

#4151

¥152

¥154
¥158

#1157

v158
¢15G
v1€C
¥1€2
#1167
Y168

#171

+172_

#1174
4178
¥17€
A7
+178
4178
v 18C
y1283

f188
¥s18¢

yl88

vy18S

J194

»197

gi95”

S 13-

1161

1164
» 166

v169

2172

,181

Y184

187’

195

4198

(fl4l
T Ed
r1E2
4170
s182
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. —

1401

1700

1701
1704

1703
1702

1705

1402
6000
6001

6002
6003
6004

6005
6006
6007

6008
6009
6010
6011
6012
6013
6014
6015
6016
1412
1413

1416
1614

1415

KILGB LEIFE
EXTERNAL FORMLLA NUMBER - SOURCE STATEMENT

WRITEU6,14C1)
FZRMAT(1HO 225Xy 30Hasxes DENSITY PARAMETERS swauwns)
DELYR=DATE(3)~1957.
XCAYS=DELY.R®3¢€5,
XLEAP=DELY.R/4.

I=XLEAP

XLEAP=T

XDAYS=>XDAY.5+XLEAP

K=DATEL 1)

YDAYS=0.

K=K-1

D2 1700 I=1,K
YDAYSaXMANTH(1)+YDAYS
XDAYS=XDAY.S+YCAYS+CATEL2)
IF{CATE(1)-2.)1702,1701,1701
XLPE=DATEL2)-1956.
XLPE=XLPE=~4,
IFIXLPE)17C2,1703,1704
XCAYS=XDAY.S+1.
XDAYSSXDAYS-3€5,.
WRITEV6,17CS)ICATE,,XCAYS
FZRMAT ( 1HOEHMENTH=ES.2¢5X J4HDAY=EG+ 245X y4HYEAREL) .4, 5X,

133HCAYS ELAPSED SINCE DEC. 31 , 1957E15.8)

IF(ATMBS—-AT1)€002,£C00460C2

WRITEL6,60C1)

FARMAT{1IH 20H1959 ARDC ATM@ESPHEREY

GaTe 6016

IF(ATM@S-AT2)€005,6C03460C5

WRITE({6,60C4)

FARMAT(1H 29H1962 L.S. STANDARD AVMZSPHERE)
GaTE 6016

IF(ATMZS-AT3)€0084€C06460CH

WRITEL6,6007)

FERMAT(1H 21HPZE ATM@SPHRERE (LMSCH)

GPTE 6016

IF{ATM@S-AT4)€011,6C09¢6011

WRITEL6,6010)

FEZRMAT(1H 28HFUNY SMALL ATM2SPHERE (LMSC))
GaTe 6016

IF(ATMAS—-ATS)€E014,€6C12/46014

WRITEC(6,6013)

F2RMAT{1H 28HSPECIAL 1959 ARDC ATF@SPHERE)
GZTe 6016

WRITE{6,6015)

FORMAT(1H Z27HSPECIAL 1962 U.S. STANCARD ATMZSPHERE)
CaINTINUE

WRITE(6,1412)

F2RMAT(1HO1BHCENSITY CERRECTIEN)
WRITEL6,1413)

FEZRMAT({1IH 2HDCy18X,19HPERIGEE(KILEMETERS))
KK=2

IF(CORRECIKK~-1}-ENCID)Y141441415,1414
KK=KK+2

GATE 1416

KK=KK=2

DZ 1417 I=1,KKy2

062182¢€¢

INTERNAL FERMULA NUMEBERLS)

#26C

+202
¢#202

#2058
¥20¢
21207
#208€
#20$
¥21C
v21l1
¥212
#2114
W21E
#ele
¥21l7
»218
¥21S

_+2C4

¢ 201

0213

¥22C
221

¥224

1225

4221
W228
v225

4231
v232
vz3z2

¥235
¥ 23¢€
¥237

¥236
¥24C
F241

4242
J244

yzae
$247

¥245

W251
v252
1252
4254
#25%

2222

2226

»230

2234

1238

v242

1245

0248

1250

¥Z5¢€
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KILGB LIFE
R BXTERNAL FPRMULA NUMBER = - SBURCE STATENMENT -  _INTERNAL FEZRMULA NUMBERLS) -
WRITET6,1413)CERREC{]) JCORREC(I+1) B __ 42571 4258 _4259
1418 FARMAT(1H E15.8,5X,E1548)
_1417 CONTINVE _ Lo T, . i . - #26C 5261 .
WRITEL6,14€5) 4262 4263
1465 FORMAT{1HOZHKP,;18X,4HYEAR) _ . . R, . - -
KK=2 ¥264
_1452 JF{APIKK-2)-ENDID)145C51451,145%0 . ¥265
1450 KK=KK42 ¥26¢&
. . _GoTgl4s52 . - - AU #1267 .
1451 KK2KK=3 268
D2 1453_I1=21,KKy2 | e _ _ _ 9265 :
WRITE(6,1454)APIT)4APLE+1) £27C  ,271 ¢272
1454 F2RMAT(1H E15.8,5%,E1548) - o s
1453 CeNTINUE v272 4274
_ WRITE(6,1455) . . #275  W276
1455 FORNAT{1HO4HFTEN,/1EX,4BYEAR)
KK=2 ~ o - $217 ~
1458 IF(FTEN(KK=-2)-ENDIC)145641457,145¢8 J278
1456 KK=KK#+2 L __423S_ o
6oTelas8 ¢28C
1457 KK=KK=3 _ L i L _ v28l
D€ 1459 Fal,KK,2 1282
. WRITEL6,1454)FTEN(I),FTENLE+1) ) L #1282 4284 4285
1459 CENTINUE #1286 ,287
___ WRITE(6,14£0) [ #288 4289
1460 FZRNAT({IHOSHFTENB,1EX,4HYEAR)
_. . KK=3 N o B e - - ¥29¢ -
1463 [FIFTANBLKK-2)=-ENDIC)14€141462,14¢€1 ¥291
_1461 KK=KK+2 o B = . ¥292 :
62721463 ¥293
1462 KK=KK=3 ¥ 294 o
DZ 1464 131,KKs2 ¢298
_ WRITE({641454)FTENBII),FTERB(I+1) a o _ y#2S€ 4297 4298
1464 CONTINUE #1295 4200
. IF(CIURNL~CINPR)1422,142041422 . . e o ¥201 o
1420 WRITEL6,1421) #2302 4203
1421 FORMAT{1HOLEHC JURNAL NERMAL) o
GATEl427 #4204
1422 _CONTINUE | L . L. . B 4265 -
1423 WRITE16,1424) #2066 ,207
1424 FORMAT{1HO14HC LURNAL MEAN) . . o N .
1427 CENTINUE 4208
WRITE16,1429) — _ #2056 4210
1429 FORNAT(1HO,25X/J26Heesse® SPECIAL EVENTS esexe)
. IF{CUT@FF=AID)T1y72, 71 . o . L 211 X L
72 WRITE(6,73)CUTBFFL(2) ¥212  ,213 314
73 FERMAT(IHOLTHAPRGEE CUT@FFLKMIELS.8)  _ e o _
G2 T@ 80 . ¥215
71 IF(CUTBFF~PID)T4475,74 L 421e
75 WRITEL6,76)CUTOFF(2Z) #2317 .218 ¢21%9
76 FIRMAT{1HO1BHPERIGEE CUTBFF(KMIE15.8)_ . _ . o R
Gg T8 80 v32¢
T4 WRITE16477) L . . . : #3221 4322
77 FERMATI1HOLISHEARTH IMPACT CUTEFF)
80 CONTINUE . o #222
224

IFIINTERAYB3,83,82
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- 101

102
103
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"KILGR LIFE
EXTERNAL FERMULA NUMBBR _~  SBURCE STATEMENT

HWRITE(6,84)

FIRVATL1HO24HTIME FER APBGEE INTERPZLATIEN(DAY))
Df 86 [=1¢8

WRITE(6,85)INTERALT)

FARMAT(1H E15.8)

CONTINUE i

IFCINTERPYET,ET,88

WRITE(6,89)

FORMAT(1HO25HTIME FER PERIGEE INTBRPZLATIZNICAY))
02 S1 I=145

WRITEL6,90) INTERP(I)

FAORMAT(1IH E15.8)

CANT INUE

CANTINUE

WRITE{6,1420)

FARMAT(1HO,25Xy30Hewaen INFTIAL CRNDITIQNS w#asas)
IF{PRINT-DETIC)92,62,92

T WRITEL6,94)

F3RMAT(1HO1SHCETAIL PRINTZUT)

G2 T8 100

IF(PRENT-SHOIC)95,6¢€,55

WRITEL6,97)

FPARMAT [1HO14HSHBRT PRINTALF)

G2 T2 100

WRITEL6,98)

FBRMAT (1HOL1SHNZRMAL PRINTEUT)

CANTINUE

WRITEL 6,81 )CANEBM

FARMAT{ 1HOZ1HANPMALY STEP(DEGREE SIE15.8)
WRITEL6,101)

FARMAT{1HO1E6HAPZGEE STEPS(MM),13Xy
L118HPERIGEE RACIUS(KM))

D8 103 1=1,10,2
WRITEL6,102)DAPRGEL])DAPEBE(I+1)
FZRMAT(1H E15.8,15%X,E15,.8)

CeNTINUVE

TEMM=Q, -

TEMP=360.,/CANZM

RACCE=DANGM/DPR

1=TEMP
JCNT=1+1
K=2
IF(112,243
i=1-1
TEMM=RADDE+TENM
CASE(K)I=COS{TEMM)
E{K)=TEMM&CPR
K=K+1

GO T2 4
COSE=1.

E=0.
CE23=RADDE/3.
SINI=SINLENC/CPR)
C3S1=C@S{ INC/CPR)
KA =1

KP=1

06£187¢5

EANTERNAL FEZRMULA NUMBERLS)

¥228

¥227
¢328

Ty231

#3232
$334

v23¢
9237

$24C
4242
v242

¥ 3245
#24€

#3248
245
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#2777

v326

v229
¢332

»335

v¥330

»338 ¢339
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»244
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KILGA LIFE

_EXTERNAL FBRMULA NUMBER - SPURCE STATEMERY -

06£167¢€5
INTERNAL. F2RMULA NUMBERLS) |

I= . JE

302 IF{APE-DAPRGE(141))2004301¢4301
300 1=1+2 o . . oL _
G2 18 302
_ 301 DA=CAPBGELIL) . _ ___ _ __ . e
DAg2=DA/2.

PER=PAQ e

PER1=RAQ
_APPB=ADSE el e [

CALL PDAD
_ ACTM1=ADAT _ . — . o .
lF(PRlNT~DETIC)105.106Jl 5

106 WRITE(6,415C)

CALL PRINTT

150 FPRMATU1H146HAPBGEE ,PERIGEE JMAJER AXIS,AND EARTH RADIUS (KM} /,

11X, 48HAPOGEE,PERIGEE MAJBR AXIS RATES(KN/DAY) MASSIKG)/y
_ 21X, 39HASCENCING NZLE,ARCUMENT OF PERIGEE(DEG)/, o
31X, 3BHNZDE,PERIGEE REGRESSION RATES(DEG/DAY}/y

41X, 24HPERIGEE VELZCITY{KM/SEC)/,

51X, 19HBRBETAL PERIZC(MINY /¢
61X, 29HLIFETIME SPENT(ZRBIT AND DAY) /g _
71X, 4THRHILKG/M3)y ET(UNITLESS), REPERG ARD RIPAPGIKMI/)
G212 108 ) . L
105 IF(PRENT=-SFRIC)107,1067107

107 WRITE{6,106) —_— -

109 FORMAT(1H129HAPQPGEE,PERIGEE,MAJBR AXISJAND,
_117H,EARTH_RADIUS(KNM)I/, 11Xy
243HAPAGEE/PERIGEEAND MAJBR AXTS RATES(KN/DAYY/,1Xy¢
_I29HLIRETIME SPENT(ZRBIT_AND DAY))
WRITEL6511C)APG, PERI;AX,RPAI'ADZTJPDGT.SADGTIyREVZL'TIHE
110 FARMAT(1IHOEHA E15.8,3Xs6HP E15.8,3X,6HAXIS _

E15.8+3X,

16HRADIUSEL5.8/31XsEFADBT E15.8,3%,6HPDET E15:843Xs
o 26HAXIDATE15.8,3X4#6FERBIT EL15.8,3X46HTIME E15.8/)
108 CONTINUE
3001 CALL RK_. _ . o
3021 IF(INTERA(KA))400,4C0,401
401 JF(TIME-INTERA{KA})40C/402,402

402 AN{KA)=(APB-DA}+({INTERA(KA)=-TIMELL# (APD-(APE~- DA))/({TIME-TIMEL}

. KA=KA%1_
627123021
IFLINTERP{KP})403,4C3,4C4 o [

_400
404 IF(TIME- INTERP(KP))40’440‘J405
405 PN(KP)=PER+(INTERP(KP)-TIVB1)#(PERL1-PER}/{TINME~-TIVMEL)

KP=KP+]
_____627@400
403 CONTINUE
1=1_ ,
7305 IF(APB-DAREGE{1+11)203/23040304

303 1=1+2

G8 To 305
304 DA=CAP@GELI) _

DAP2=DA/24
. PER=PER1 . -
TIMEL=TIME
IF(PRENT-DETIC)111,112/111
111 IF(PRINT-SHZIC)113,1144113

160

_ #3292

_v287

#3288
9285
#29C
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191

KILGA LIFE 062182¢5
EXTERNAL FOARMULA NUMBER - SBURCE STATENEANT - INTERNAL FERNMULA NUMBERLS)
113 WRITEL6,11C)YAPR,PERI AL RPAT,ADBT4PEOBT,SADBTI,REVEL,TIME #4622 9433 S434
G2 TO 114 vh3s
112 CALL PRINTY #43¢
114 IF(CUTEFF=AID)115,116,115 #437
116 IF{APZ~CUT2FF(2)112C,13C43001 v438
115 IFtCUT@FF~PID)I117,1184117 ¥43S
118 IF(PER1-CUTZFF{2))120,12043001 v44C
117 IF(PER1-AE)13C,130,20C1 a4l
130 1F(PRINT-DETIC)13]1,1324131 1442
131 IF(PRINT-SHZIC)133,1324133 1442
132 CALL PRINTTY sh44
G# T2 3000 v445
123 WRITE{6,11CIAPB,PER]1,A1,RPAI,ADAT4PCAT,SADRTI,REVEL,TIME F44€E 4447 448
GO T2 3000 Y445
3000 IF(INTERA)E00,500,5C1 v45C
501 WRITE(6,502) #451 4452
502 F2RMAT(1HO23HAPAGEE ALTITUDE INTERPZLATIEN(KM),3X,
112HTIME IN DAYS)
KA=KA=1 9452
DZ S04 I=1,KA 4454
WRITELI6,502)ANII), INTERA(T) #1455 2456 9457
503 F2RMAT([1HOEL15.8,5X,E1548)
504 CONTINUE #4568 4459
500 IF(INTERP)IE05,505+5C6 74€C
506 WRITEL6,5017) $461 L6462
507 F2RMAT(1HO24HPERJIGEE ALTITUDE INTBRPBLATION(KN),3Xy
117HTIME EN_DAYS)
KP=KP=1 463
D2 509 I=1,KP P4 64
WRITE16,508)PNL{1), INTERPLI) s48S L4686 4467
508 FARMAT{IHOEL15.8,5%X,E15.8)
509 CONTINUE #4688 4469
_505 CEZNTINUE $47C
TIME=0. Va7l
TIME1=0. #1472
REVEZL=0. #1472
REV1=0- '!"7"
RETURN P47
3020 S5719P v4T¢
END PLER)




TTKILGS PDAD

T oetiBlEs

__BXTERNAL FORMLLA NUMBER ~—  SQURCE STATEVWENT_ = TAVERNAL FERFLULA NUMEERLS)

SUBROUTINE PDAD

_REAL_JJ,KERTH, INTA, INTP;MASS,MT, INTERA, INTERP,INC,NI . .
DIMENSION CATE{(3), XMENTH{12)

_DIMENSI2N_ FTENB(152),FTEN(153),AP82°3Y .. = _ _ R
DIMENSIZN CBRREC{11C)SOLARI3CL)

CIMENSION PRU16)

DIMENSIBN TN{€&), INTERAL&) JTNL1(6),ENTERP{E),
1CBSE{365) 4E(3€5)/CCPRIM(25) ,AREAL45),CNI45Y, = __ . . .

2ATTACK (45),STEPAL3EE),STEPR(3£5) ,FASS125)

COMMON /AREC/TEMPT,TEVK,PRBSS,PpV®R, e

1PSPZyRHOyRFBSRB,VISC,yVISCSL ¢KVISCyVS,6
DATA DPR/S5T.2S57T9E/, PI123.14155291/,SABCI/6HSINE 7/

1,BCITEM/6HTIME 7
DATA_DINZR/6HABRMAL/,DEMN/GHMEAN /,DINEN/6HNENE /7 .

DATA AIDZGHA 74PID/EHP /CETID/6HDETAIL/,
1SHEIDZ 6HSHERT £ . e
DATA BNDID/GHEND 7

DATA AT1/6FARCC /oAT2/EHLSSTD /,AT3/6HPRE  /,AT4/6HSMALL /,

1AT5/6HSPECAR/
COVMEN/CLK/APRPERL , TIME, AE,SINI ,R0,F 4 JJ,KERTH}

1C8SI,  JCNT,CDPRIV, AREA,ATIACK, CN,
2MASS.ADOT,PD2TyPDJAL, TIMED

3, CBSE/E,DAP24PER, TIMEL gHH,DERY
4,CAPDM1sCAPID, SMAM1,ACT¥1 ,APZM1, SFAWySMACM] , SMAID,CAPM1,CAPW

SyCAP2,DATE, XMENTH,FTENB, AP
65 INTERA, INTERP ; DD, CANZM,DARBGEL10Y,C0A(5C) — e

T+ PRINT, CUTBFFL2), Al ,RPAI,SADBTI

8sREVBU,MTyVPI,POY . o
9, PN{6) ,ANTLE) REVI

1,CARRECSALAR,ATMOISyFTENyDIURNL ¢ XUAGJRHEXX,SE,ySA

1,E1,RIPP,RIPA,AMPR
DELYR2DATE(3)=1957. . e e —
XCAYS=DELY.R#3€5.
XLEAP3DELYR/4.

I=XLEAP
XLEAP=T

XDAYS=XDAY.S+XLEAP
K=DATE(1) e [, e

YDAYS=0.

K=K=1 e e

1706

03 1706 P=1,K
YDAYS=XMANTH{I}+YDAYS

XDAYS=>XDAY.S+YCAYS+CATE(2)
IF(CATE(1)-2.)1702,17C1,1701 .

1701
1704

XLPE=DATE(3)-1956.
XLPE=XLPE~4, e , — e

1703

IFCXLPE)LTC2,1703,1704
_XCAYS=XDAY.S+1,

1702

XDAYS=XDAY.5-3¢€5.

Al={AP@+PER1}/2. . - d2C

EI=(APP-PER1) /{APB+PERLY
TF{TIME)10,10411 e

ROAT=AE*LL«~(SINI#SINI*SIN{WA/DPRI*«2/F))

10

Bl=1,=3.,#SINI*#3INI/2,

162

TEMP=1,.~EI#*EI




11

468

469

470

2102
2101
2100

2105
2104

2103

12

1502
1501

KILGG PDADC
EXTERNAL FORMLLA NUMBER -

TEMP1=SQRT(TEVP)

SPURCE STATEMENT

NI=le®(JIRAE/AYRAE/AI*B1/{TEMP=TENPL))
NI=SQRT(KERTH/(AI#AJ=Al))}sN1#24,436C0.=DPR

SMAID=JJ#NI#{AE/LAT«TEMP)})e824(2 .5
CAPID==JJ«NI®#(AE/(AI®TEMP))#e2+C OS]
CAPV1=CARD

SMAN1=UZ

SMAW=WQ

CAPW=CAPQ

APGM1=APE

CAPCM1=CAPID

SMACM]l =SMATD

Ga To 12

DTI=(AP2-AP2M1}/ADTN;]
IF{AMPR)458,4£68,46S

SINTA=0.

SINTP=0,

SINTH=0.

G2TZ4TO0

«#SINI=SINI/2.)

06/ 18/7¢€€

INTERNAL FERNMULA NUMBERLS)

726

var

v28

429
#20
v21

v32

CALL SPRAP(XDAYZ4#AlEIsCAPRySNAW,INCy AMPR,KERTH,SCW,SDRA,SDRP}

SINTA={2J 4SDRA-SDRP}/32/5.729578
SINTPaSDRP/2./5.T2S578
SINTW=S5D0W210,./3.

SMAW=SMAM1 +DTI#(SMACM1+SINTW)
IF{SMAW-36C.12100,2101421C1
SMAW=SMAW-260.

GaTZ 2102

SMAW=SMANW
CAPW=CAPM]1+CAPDM1=CT]
IF(CAPW-36C.)2103,2104421C4
CAPw=CAPW—2€0.

Gave2105

CAPW=CAPW
Bl=1.-3.%xSINIeSINI/2.

TEMP=) .-E}#E]
TEMP1aSORT({TENP)

NI=l.%(JI®AE/AL#AE/AI=B1/ (TEMP*TENP]))
NI=SQRT(KERTH/(AI#AT#A[)})«NI®24,+36C0.#DPR

CAPID==JJaNI#«(AE/(AI=TEMP) ) ==2sC2S]

SMAID=JJsNI®(AE/{AI®TEMP) )##2%(2.45.#SINI=«SINI/2,)

RPAI=AE#(1.-{SINI=*SINI«SINLSMAW/DRR
CONTINUE
PDI=2.%PI1/€0.*SQRT(AI#*AI=AT/KERTHI

12%2/F))

VPI=SORT{KERTFH)}#SQRT(2J/PER1#(1.-JJ/3.%AE
. 1/PERI®AE/PER1#(3.#SINI#SINF#SIN{SVAW/DPR)#SIN
2{SMAW/DPR)-14))-1./A1)

L=JCN¥

J=1

IF{L}1500,150C,1501

L=L-1
RI=AT®{1./~EI#EL)/{1.+E1«C2SE(J4) )+

1(2./73{%JJ/7ATRAE/L1.~ET#ETI)AE)*( (STNI=SINI) (1.~
2SINU(SMAW+E(J) ) /DPR)##2/2.)1-.5)=-3J/710.%HH/
3JIHAEASINI«(SIN(LSMAWAELD) ) /DPRI-SINL (KWL

4+E(J))/DPRY)
RIP=RI-AE®{1.~SINIe«SINI#»

923

W24

425
26
FER]
428

4174

163
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e BEXTERNAL FE@RMLLA NUMBER -  SOURCE STATEMENT _ = _ INTERNAL FERMULA NUMBERLS)
1SIN{ISMAW+E(J)) /DPR)##2/F) e o 475
IF{E({3))19CC,1900,1501 476
_1900 RIPP=RIP _ L i o 1T
62721903 s78
_190) IFt{ABS{E{J)-180.))-.001)1902,1902,1903. L R N -]
1902 RIPA=RIP veo
1903 CANTINUE I L. ___s8
IF{RIP)BO,81,81 #82
.80 RIPSO. . el - - . el o R . J83
81 CBNTINUE YE4
1=1__ . I R oo L ... 485
28 1F(RIR—CDRRIM{1+11)29,20,31 +E6
29 1=1+42 IR #8717
1IF(1-24)28,28,7001 88
_31 IF(1-1)3042C,22 . S _ . YES_
32 COP=CDPRIM{I-2)+LCCPRIMII)I-CDOPRIMEI-2)) #(RTP-
_ . ACDPRIM(I-1))/(CCPRIMUI41)-COPRIM(E=10Y  _ = . . S0
G8 T8 26 ¥51
30 CDP=CDPRIMII) o 482
26 IF{CDA-SNBC11100,1C1,100 #63
_.101 1=2 e o . #G4
1103 IF(TIME-COAt1+1)711C0,110C411C2 #65
21102 I=1+2 e o . . . ’S6
IF(1-44)11C2,1103,7C01 $57
1100 CCAX=CNALE) o W58

CDAREA=CDR*CN(2)#AREA({2)+(CDP*CN(4)=AREA(4)
1~COP*GN{2)*AREA(2))=(ABS{SINUI(CDAX =E(J)+ATTACKI/_ _ ——

20PR1)) #$9
.. Ge T3 _ 500" _ __ el Ml L . {10C .
100 1=1 +161
203 IF{E(I)-ATYACK{141))2C0,2C1,2C2 4102
202 I=1+%2 #103
. IFt1-44)203,2C3,70€} e 104
200 IF(I1-1)201,2014204 108
_204 ALPHASATTACK(I-2)+(ATTACK(I)=ATTAGK(I=2)) o s .
1w (E(JI-ATTACK(I=1))/{ATTACK(I+]1)~
2ATTACK(I=-11) . 410€
Gz T8 205 +1G7
__ 201 ALPFA=ATTACK(I) e e . s108
205 IF{CN~BCITIM)24,33,26 #105
_ 34 1=2__ . . [ . o 411C
38 IF(ALPHA-CN(141))35,36/37 111
37 1=1+2 o R 2 3 4
IF(1-44)38,28,7C01 4112
35 IF(1-2)36h4'36;39 . ~ L n . #124
39 CNN=CN(I-2)+(CN{I)-CN(1=23)»(ALPHA=
CICN(I=1))/ZLCN(T+1)=CNCI-1)Y . s . #115
GO T8 40 Y
36 CNN=CN(1) . . 117
G2 18 40 J11E
33 1=2 _ e . o o #n1S_
53 [F{TIME-CNI{T1+1})50,51,52 f12c
_ 52 Isi+2 - - o - L B o121
IF(1-44)53,53,7001 12z
S0 _IF(I-2151451,54 . ) 4122
54 CNN=CNLT) ¥124

164



51
_40

.60
65
64

62
&6

.63

&1
T4
73

71
75

72
70

500

301

300
303

302

305

304
307

350

306

KILGG PRDAD-
_ EXTERNAL FORMULA NUMBER -

G2 T2 40

CNN=CN(I)

CD=CDP«CNN
IF(AREA-BCITIM)60,£1,60

I=2
IF{ALPHA-AREA(I41))¢€2,63,64
I=142

IF(1-44)65,65,7C01
IF{I-2)634€3,6€6

SPURCE STATEMENT

ARAA=AREAL [-2)4(AREA(I)I-AREA(I-2)2e (ALPHA~

1AREA{TI-1))/(AREALI+1)~AREALI-]1))

GO T2 70

ARABA=AREALI)

Ga 18 70

1=2
IF(TIME-AREA{I+1))71572,73
I=142

IF(I-44)T4474,7001
IF(1-2)72972,75
ARAA=AREAC(T)

G2 T9 70

ARAA=AREA(I])
CODAREA=ARAA=CT
IF(RIP-700.)3C0,301,301
RH@s04

G2T¢ 503
IF{ATMZS~-AT1)20243C2,302
CALL ARDCSS(RIP»1.E2)

G@ T3 503
IF(ATMZ2S-AT2)20443C%,304
PR{1)=RIPx]1,E2

CALL PRAG63{PR,ERRZR)
RH@=PR{6)/G.81

GZ 18 503

CIF(ATMES-AT3)20643CT7,30¢

X=R1 %C@S{{SMAW+E(J))/DPR)
Y=R1 %SINU{SMAW+E(J))/DPR)
XP=X

YP=Y®SQRT{1.,-SINI#e2)
IP=Y#SIN}
TEMP=CPS{CAPW/DPR)
TEMC=SIN{CAPW/DPR)
XS=XP4TEMA-YP«TEMQ
YS=XP&TEMO+YP«TEMP

z5=1p
RS=SQRT(XS#XS+YS#YS42S=7ZS)
IF(ATMAS-AT3)25Q,351,250
D=XCAYS+T FME

CALL PBEAT{RIPyRHG,CyXS,YSyZS4RS)
RHA=RHZ#515.7/9.81

63T¢ 503

D=XCAY.S+TIME+26203.

CALL SMATMS{XS4YS,ZS,SA,D,RHZ,RIPY
RHB=RH2/9.81

G8 T2 503

IF(ATMBS~AT4)208,3C7,308

06£18BL¢€%

- INTERNAL FEZRNMULA NUMBERLS)

. #l4z

D 8177

————

#12¢
v12¢
¢127
Jfl28

¥125

#13C
#1131
4132

#1332

v134

o135
¥13¢
v¥137
¥132€

¥136

14C

¥141

¥142

144

#1148
F14€
147
¥14€

149

#15C

w151

4152
¥153
Y154
#1568

156
F157
4158

4159

#16C
7161
7162
2162

.fle4

v16€

/16¢

W1é€7

v1€8

9165
A17C

#1171

¥172

¥172

4174
#1175
A17¢€

¢#178
#1765

165
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o BXTERNAL FPRMLLA NUMBER _ — _ S@URCE STATEVMERTY -  INTERNAL FERMULA NUMBERLS)
308 IF(ATMZS-AT5)2104311,31C _418C
311 CALL ARDCSS(RIP*1.E2) Y181
o __RHP=RHEe9Z€) o 4182
6oTE 312 T w183
310 _PR(1)=RIPMY1.E2 _ _ _ ol AR
CALL PRA63{PR,ERRER) ¥185
RHZ=PR{6) i8¢
312 1=1 Y187
316 IF{CBRRECII)-ENLID)245y24¢€¢345 = I 4188
346 DCC=CARREC{I-2) /185
_6oTe3ls | _ — . . e e e _'Y9C
345 [F(RIP-CORREC{1+1 ))313,314,315 4191
313 I=142 ¥192
1F(1~421316,316,7CC1 4193
315 IF(1-1)314,314,317 e 4194
317  DCC=CARREC(I-2)+(CERRECI1)I-CARRECEI~21) # (R]P=
1CARREC(1-1))/(CPRREC(I+1)=-GBRREC(I-1}} o . s198
G2 Te 318 S 19¢
314 DCC=CARREC(I) #1197
318 IF(RIP-120.)319,31%,320 4198
319 RHP=RHE#DCC/9.81 J e ¥195
Ge T8 503 £26C
1320 YERR=1958J+({TIME+XCAYS)/3¢€5,24 TR -1 * D S
XDAYZaXDAYS+TIME+3£204. 4202
IF{FTENB) 222,221,322 »203
321 CONTINUE S 204
o TEMP={ XDAYZ-3£030.)/409CJv4#PY L 4205
TEMC=CASITEMP)#15. y20¢
 TEMP=LXDAY.2-36340.)/4090,¢2, %P e ) $207
TEMR=C@SLTEMP) %75, 4208
FYENBX=135,4TEMR+TENQ ¥ 205
GETE4206 421C
322 I=1_ _ e . o Yz
4205 IF(FTENBCII-ENDID)I4201;42C0,4201 $Z12
4200 FTENBX=FTENBUI-2) e . _s212

GPTE 4206 ' Y214
4201 IF(FTENBLE+1)-YERR)42C4)4203,4202 £215
4204 1=1+42 FZ1€
o .._62TE4205 o e R 13 Y
4203 FTENBX=FTENBI(I) #1218
. GeTe 4205 __ o an1s
4202 IF(1-1)4202,4203,52€0 yezc
5200 FTENBX=FTENB({1=2)+(YERR=FTENB (1=11) *(FTENB(I)=FTENB(I-2))/

L(FTENB(I+1)-FTENB(I-1)) y221
4206 IF(FTBN)42C7,4208,4207 _ N o Y __ . _ge22__
4208 FTENX=FTENBX J2213

GO T8 4215 e o 4z24
4207 1=1 #22%
42164 IF{FTEN(FI-ENCID)42C9,421C¢42C9 $226
%210 FTENK=FTENII~2) v221

GETE 4215 o e . gz2e
4209 IF(FTEN(I+1)~YERR1421144212,4213 $225
4211 1=1+42 L D I+ { S

Ga 18 4214 ¥231
4212 FTENX=FTENLI) 42322

GoTe 4215 F2332

166
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.. _BXTERNAL FPRMULA NUMBRER - SBURCE STATEMENT - INTERNAL FERMLLA NUMBERLS)
4213 IF(1-1)4212,4212452C1 V234
5201 FTENKaFTENII-Z)¥LYERR-FTEN{I-1))#¢FTENCI)}=FTEN(I=-2})/
. L(FTENLI+1)-FTEN(I-1)) 4235
4215 IF(APY4216,421T,421¢ v22¢
4217 APX=0. __ #2317
GATR343 ¥238
4216 =1 ¥236
4223 IF(APLI)-ENDIC)421€,421944218 #24C
4219 APX=AR(I-2) 241
G2T2343 v242
'4218 IF(APLI+1)-YERR)422(C,422144222 _¥242
4220 I=1+2 V244
_ . GgTE4223 V245
4221 APX=ARL1) V246
. G2TE343 ~ _. .14t
4222 IF(1-1)4221,4221¢52C2 4248
5202 APX=AP(1-23}+(YERR-AP{I-1))%(AP{I)=AP(I=2))/ L
LIAP(I1)-AP{]I+1)) 249
343 SBAR=25.+J8¢FTENBX+.4e (FTENX-FTENBX)+APX#10, B ¥25C
TEMP=LXDAYZ~38047.)/365.25 ¥z51
TEMC=,06%#CAS(4 4P IwTEMP) y252
TEMR=.0254CBS(2.#PI%TEMP) #1252
GIT=THMR-TEMQ ___¥254
SS=SBAR#EXP {CGTT) ¢$25¢
IFICIURNL=CINZR)40C,403,400 . 425¢
. 400 CONTINUE 257
402 COSPP=C3S{75./DPR) . Y258
GATE 404 V259
403 CONTINUE . ___+26C
TEMP=1SS-1€60.)790. v2¢€1
TEMR==,00567#(RIP-2C0.)+EXR{-.01455%(RIP-2004.)) o v262
TEMC=18.5+21.5#EXP{~,03154(RIP-20C.)) ¥263
TEMS={ 184 5+30.#EXP(TEMR)+TEMQ*TEMR+4, % (1. ~TEVP*TENP))/DPR ~ _ 4264
IF(TEMS-5J151C¢510,511 Y265
511 TEMS=5, __ vZeE
510 XULAG=TEMSaCPR 1267
XLAMS>,017203%XDAYZ+.0335#SIN(,0122C3#XDAYZ)-1.41 4268
TEMP=C@SLXLAMS) 2265
.._ TEMC=SIN(XLAMS) o y27C
XLS=TBMP v271
TEMR=CZS(ECLIPY/DPR) R __vete_
TEMS=SINLECLIPT/DPR) £213
XMS=TEMR®*TEMQ 9274
XNS=TEMS*TEMQ #2758
RAS=ATAN2{ XMS,XLS) YZT¢&
RAB=RAS-XLAG/CPR 277
XLB=SQRT{XNS#XNS+XLSeXLS)*CBS(RAB} L . o . re18
XMB=SQRTLXNS#XNS+XL S=#XLS)*SIN(RABY ¥27S
XNB=XNS . #28C
X=RI %C2S{ (SMAW+E(J))/DPR) v281
Y=R1 ®SIN{(SMAW+E(J))/DPR) o . _d282
xXP=Xx #1283
YP=Y2SQRT{1.-SiNI==2) e . _. _d284
2P=YsSINF y285
TEMP=C3S(CAPW/DPR) B ¥ 28¢&
TEMC=SIN(CAPW/DPR) - v 287
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KILGB PDAQ
... _ EXTERNAL FORMLLA NUMBER _ ==  SBURCE_STATEVNEANT ~ _ _INTERNAL FZRNMULA NUMBERLS)
XS=XP= TEMR-YPsTEMQ o 4288
YS=XP&TEMO+YPsTEMP +28S
18=2P __ . ——— R - N .- - - ¢28C
KL=XS/AR] ¥ 291
o _XM=sYS/RI . o e _ 4292 _
KN=ZS/R1 ¥293
C2ZSPP=XL=XLB+XM*XMB+XNeXNB ¥294
404 XK={3.42.5#({RIP=3€Ce)/24CJ)~e5#(IRIP-36C.)/240.)222)
. l10(5.6=C2SPP)/EeB) _ . [ e ¥295
405 TEMP=LEXP (.0CS55#RIP)~.19)4.1G #2G¢
__ XMLTP> (1 +(TEMP)#({1.4COSPP)/2,.)9%3)/ [ e [
I{1.4(TEMR)®((1.4COS(TS54/DPR))/2,)883) #297
406 RHE=RHA*DCC*{(SS/SZ)*%XK) #XML¥P/9.81 #1298
G2 T8 503 #2995
_503 RHP=RH@es9JEY o I o e _¢32¢C
RHAXX=RHT ¢201
 TERM=CDARGAsRFG*(SCRT{1.+2,*E1=CESE(I) o - ) o
1+EI%EF)/LUL.+EI*COBSE(J) )n%2)) ¥302
STEPALJ)=TERM*{12+CE2SELJI) 262
STEPP{J)=TERM*{1.,-CRSE(J)} ¥ 204
_d=d¥Y .. o I 4205
Gg T@ 1502 v266€
1500 INTA=0,. e e #3207
INTP=0. aeoe
TERM1=-86,4E6#SQRTIKERTH) /6.2831858%SORT(AT) #3209
L=JCNT-1 P21C
WM=1 e [ S - ~ 1'311
1506 IF{L)1504,15044150¢ ¥312
1505 t=L-2 = __ ) e _ o ~ ¥212
INTA= }NTA+STEPA(M)+<TFPA("t2)+STERA(M+1)I4. Y214
INTP=ENTP+STEPP(M)+STEPP(N42)+STERP (M+1) 24, 9215
M=M+2 ¢216
_Gp T2 1506 . e . e #3217
1504 CONTINUE ’18
o _INTA=INTA«CEQ2 - _ e e . 219
INTP=ENTP&CEQ? ’zc
ADATPaTERMI#{ INTA= {1, +EI)%%2-SINTA) #2321
PDZTP=TERM #( INTP*(1l.-EI}#a2-SINTR) 222
o IF(MASS-BCITI¥)1601,16CCy1601 L o - L v223
1601 IF(MASS(3)116C3,16C2,16C3 ¥224
_1602 MT=MASS(2) e (#3228
Gg T@ 1700 Y226
1603 IF(TIME)16C2,1602,1€04 ¥3227
1604 [=3 T '=2e
_ 1607 IF(MT—=MASS{1+1))16CE,16C64160¢ R L . #3229
1606 MT=MASS{2)}-MASS(I)=TIME #23C
_ - G2 12 1700 o e _ ~ . ¢3231
1605 I=1+2 ¢232
IF(MASS{EY-ENCIC)1,y 2,1 #333
2 MT=MASS(I~1) ¥ 234
GgTE 1700 o e B o #3328
1 IF{1-24)16C7,1607,7C01 £236
1600 [=2 - - [ C¥#237
1803 IF(TIME-MASS(I+1))1200418C1,1802 /238
1802 1=1+2 ¥ 236
s 324C

168

IF(MASS(I)-ENCID}Y3,4,3
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KILGA PDAD
BXTERNAL FZRMLLA NUMBER -

>

SAURCE STATENEANT

06/18/6¢

INTERNAL FZRNLLA KUMBERLS)

3 IF(1-24)18C3,18C3,7C01 4341
4 MT=MASS{1=2} ¥242
Garg 1700 v342
1800 1F{1-2)1801,1801418C4 v 344
1804 MT=MASS(1) V245
G2 T4 1700 ¥24¢€
180] MT=MASS({F) 2347
1700 ADZT=AD2TP/MT v248
PDAT=RDITP/MT 4249
SACEZTI=(ADET+PDLT) /2. ¥35C
PDAAD=PNAT /ADRT 251
TIMED=MT/AC2TP ¥35¢2
REVEZL=REV]+{TIME-TIFE]1)#)1440./PD] §353
RETURN 4254
7001 WRITE!6,70C2) v358 ,356
CALL DUMR ¥257
sTee o ¢325€
7002 F2RMAT(1HO2CHTABLE VALUE EXCEEDECI
END #3556
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KILGA PRINTT 06/18/¢%
EXTERNAL FORMLLA KUMBER - SPURCE STATENERT - INTERNAL FZRNULA NUMBERLE)

SUBRZUTINE PRINTT

__KEAL_JJ,KERTH, INTA, INTP,MASS,MT, INTERA, JNTERP, INC,NI

DIMENSIZN CATE(3), XMZNTH{12)
OIMENSION FTENB(152),FTENI153),AP1153)

DIMENSI@N C3RRECI(11C)4SELAR(3C1)
ODIMENSTION TN{&), INTERALE)yTNI(6),,ENTERP (6},

1C3SE(365) yEL3€5)yCCPRIM(25) ,AREA(45)yCNI(45),
2ATTACK(45) ,STEPA{3€EE) 4 STEPRI{3£E5) ,FASSI25)

CZ¥MPN JARCC/TEMPT,TEMK,PRESS,PONMP,
1PSPP,RHA,RHASRA,VISC,VISCSL,KVISC4VS,G

DATA DPR/S57.255779E/, P1£3.14156291/,SNBC1/6HSINE /
1,BCITIM/6HTIME 7/
DATA AID/&HA /+P1D/6HP /4 CETID/6KDETAIL/,

LSHPIDLZ6HSHERT /

CATA ENDID/&HEND /

__CZMMEN/CLK/APZ,PERYIZTIMELAE,SINI \ROB,F,JJKERTH,

1C2S1, JCNT, COPRIV, AREA,ATTACK, CNy
2MASS,ADAT,PCAT,PDZAC, TINED

3, C@SE,E+DAZ2yPER, TIMEL gHH,DE L3
49 CAPOM1,CAPID,SMAM1,ADTF1,APZM1,y S¥Ah, SMACML, SMATD,CAPML,CAPY

5S¢ CAPDyDATE, XMENTH,FTENB, AP

b6y INTERA,INTERP,CD,CANZM,DARGGE (10Y,CDA(5C)

T+ PRINT, CUTZFF(2), Al ,RPAI,SACETI
9, REVEU,MTVPT,PDI

94 PNI6) 4 ANTE) ,REV]

_1,CARRECySALAR,ATMPS,FTENy/DEURNL y XUAG,RHEZXX,S2,SA

1,EI,RIPPyR[PA,AMPR

WRITEL6,151)APB,PER], AT, RPAT,ADZTJPCAT,SADETI,

IMTyCAPWySMAW, CAPID, SMAIDyVRI»PDI 4REVIL, TIME, RHEXX

1,E1,RIPP,RIPA ‘1 y2

151 FZRMAT(1HOEHA £15.8,3%,46HP E15.8,3X,6HAXIS E15.843X,

)
RETURN

16HRADIUSELS.8/y1X+€FADAT E15.8,2X4¢6HPDZT E154843X,
26HAXIDETE1S4B8,3Xy6FNASS E15.8/,12;6HNADE  E15.8,3X,

36HARGP  E12.8,3Xy6FCNEDE E15.B,3X46HDARGP E15.8/,41X,
46HVPERIGEIC.8,3X,/6FPERIEDE]IS. 843 Xs6HBRBIT F15.8,3Xy

S6HTIME E1Z2.B8/¢1X4.€HRHG E15.8,32X,EHET EL15+893X,
16HRJPERGEL S 483Xy 6FRIPAPGEL1S58/)
END



KILGA Rk 06/18L€E
EXTERNAL FORMLLA NUMBER - SBURCE STATEVMENT - INTERNAL FERMULA NUMBERLS)

SUBRBUT INE RK -

REAL JJKERTH, INTA, INTP,MASS,MT, INTERA, INTERP, INC,NI
DIMENSIEN CATE(3), XMENTH{12)

DIMENSIGN FTENB(152),FVEN(153),APL153)

DIMENSION CZRREC111C),SELAR(3C1)

. DIMENSIBN TN(E),INTERALE&) JTNL1(6),ENTERP(6),
1C2SE(365) y#EI3€65) yCCPRIM{25) , AREA(45),CN(45),
2ATTACK{45) ,STEPA{3€5),STEPP(3£5) ,MASS(25)

COMMIN /ARCC/TEMPT,TEMK,PRESS,POMR,
1PSPEyRHByRHAISRE,,VISC,VISCSLKVISC9VS,6

DATA DPR/S57.2557795/, PI1/3.14155291/,SNBCI/6HSINE /
1:BCITEM/6HTIME /
DATA AID/6KA /4yPID/EHP /4 0ETID/6HDETAIL/,

1SHBID/ 6HSHERT /

DATA BNDID/SHEND /
CEMMEN/CLK/APEZyPERLy TIME,AE,SINI 4K 0,F yJJ,KERTHY
1Cast, JCNT,CDPRIV, AREA,ATYACKy CNy
2MASS.ADATPCATPDAAC, TIMED

3, OPSELVE,DAB2yPER, TIVEL¢yHH,DER]
49 CAPDM1,CAPID,SMAM]1,ADTM],AP2MY, S¥Ahy SMACM]1,SMAID,CAPM1,CAPW
S:CAPBDATE, XMZNTH,FTENB, AP
69 INTERA, INTERPyDD,CANGM,DARZGE(101,CDAL5C)

T4PRINT, CUTBFF(2), AT,RPATI,SADOTI
ByREVOLyMT,iVPI,PCI

9y PN{6E) y ANL E),REV]
1,CORREC,SALAR,ATMBS ,FTENyDFURNL y XLAGyRHEZXX,S2ySA
1,EI,RIPP#RIPAyAMPR

IFLADBT)141,2 . S |
DAP2=~ABS(CABZ) "2
GaTE3 oL 92
DAB2=ABS(DAZ2) v4

CONT INUE _ Y -
CK1=DA@2«PCPAC WE
PER1=PER+CK1 . - e
APR=APZ+DAB?2 ’e
CK1X=DAZ2%TIMED . +S _
TIME=TIME1+CK1X »10
CALL PDAD - D S SN
IF(ADAT )4y4,5 W12
DAGZ==ABS(CA32) . o413
GBTR6 V14
DAB2=ABS{DAG2) . .15
CE2NT INUE ¥16
CK2=DA@2%PCIAC . . . oo
PER1=PER+CK2 #18
CK2X=DA22%TIMED . o . B . N o - .odY19
TIME=FIMEL4CK2X v20
CALL PDAD B . s21
IF(ADBT)747,8 #22
DAB2==ABS1CAB2) . . fa3
GeTR9 24
DAR2=ABS(DAB2) . R ves
CONTINUE v26
CK3=DAB2%PCOAL o B . o 27
PER1=GK3+4CK3+PER 28
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KILGA RK 06/18/¢¢
N . EXTERNAL_FZRMULLA NUMBER - SBURCE STATENMENT - INTERNAL FEZRMULA NUMBERLS)
APA=APZ+DAR2 929
CK3X=DACG2«TIMED +3C
TIME=CK3X+CK3X+TIME] #2321
CALL RDAD 22
e . _IF(ADDBY)10,10,1) ¥23
10 DAP2==ABSICABZ) 434
GeT212 425
11 DAGZ=ABS(DAB2) 126
X2 __CONTINUE ol . L A2Y
DELT={ (DAG2*PCEAD)I+CK34CK2+CK1+CK2+4CK3) /3, /328
PER1=DELT+PER 4329
TIME={ ((DAQ@2*TIMED)+CK3X+CK2X+CK1X+CK2X
1+CK2X)/3.)+4TIVE] $40
CALL PDAD s4l
_ _IF(AD3T)13,13,14 442
13 CAB2==ABS{CAD2) a3
. GEgTZ15 d44
14 DAPZ=ABS({DAB2) 045
15 CANTINUE s46
ACTM1=ADATY 41
SMACM1=SMA]D 48
CAPCM1=CAPID F49
. SMAM1=SMAW e . _ _#8C¢
CAPM1a(CAPK 451
APZNM1=2AP3 +E
REV1=REVZU #52
R RETURN e o _ w54
END ¥ S
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KILGA PBEAT e 06/187¢€%
BXTERNAL FORMLLA NUMBER - SBURCE STATEMENT - INTERNAL FERPULA NUMBERLS)
HG=CEBMETRIC ALTITLCE cace
N=LENGTH @F TABLE c4cC? e
FB=ALPITUDE BASE cace
ATMZSPHERE CATA LEZEZKUP-GSK 04CS_ —
RHBBE=BASE CENSITY €412
GIVEN HGyNsHB(1) T2 HBIN) 4¥TMB(1) Y8 TMB(N),GLNB(1) T 0417
GLMB{N),RHEB(1) T2 RHEBIN) 0418
CZMPUTE T,RHE,P.V _ o _ ) 0415 L
R=GEBCENTRIC CISTANCE @F THE FIELD PAINT c4zC
CLS,CMS,CNS=DIRECTIEN CEZSINES BF SUN C421 o
CL,CMyCN=DIRECTI@N C3SINES 2F FIELD PZINTY €422
AVERAGE LZNGITUCINAL LAG €F DIURNAL BULGE=.55 RADIANS 0422
SEPS,CEPS=SINE AND COSINE @F THE INCLINATI@N @F THE ECLIPTIC C4z4
PSIP=GEZCENTRIC ANGLE BETWEEN DILRNAL BULGE AND FIELD PZINT o4zt
042¢
SUBRAUT INE PBEATIHC,RHR,D4X,YsZ,yRE _ L
DIMENSION HEBL118)y#TME118)GLMB{18)4RHBBL18) 04z8
IF(N-12)50C,1Cy500 vl
CENTINUE 042C V2
N=12 - 421 FE
HB(1)=0. 0422 va
HB(2)236086.229 0432 g5
HB(2)28202C. 957 C424 ié
HB(4)=154159.475 - 043¢ ¢
HB(5)2173884.514 C43¢€ WE
HBL€12259186.252 0427 ¥S -
HB(7)=295275.591 c42e #10
HB(8)=344488.189 0425 J11
HB(9)>524934,283 044C $12
HB{10)=557742.782 0441 413
HB(11)=656167.979 0442 414
HB{12)=2296587493 ca4z ¥15 B
TMB(1)=518.69 0444 16
_TMB(2)=389,.988 044% 17
TMB(3)=389.98¢8 C44¢ s1e
TMB{4)=508,.788 €441 ¥ 19
TMB(5)=50R.788 0448 v20
TMB(6Y=298.188 0445 $21
TMB(7)=298,188 c4sC 122
TMB(8)=406.188 - C4c} vZ3
TMB({9)=238E.188 €452 24
TMB(10)=2566.188 cacs2 ¥25
TMB(11)=283¢&.188 0454 V26
TMB(12)=5986.188 4%t $27
GLME(13=-3,56€1¢€E-2 04ce i Z8
_GLMB(2)=0. 0457 yZz9
GLMB(3)=1,£46592E-2 c4ce 420
GLMBE(4)=0, ° C4%S ¥21
GLMR(5)=-2.,4688RE-3 ca4ec v22
GLMB(6)=0/ o ) - C4€1 23
GLME(7)=2,19456E-3 0462 s24
GLME(8)=1,.C9728E-2 _ (JYE $#35
GLMR(9)=5.4864E-3 0464 126
GLMB(10)=2.7432E-3 04¢" 237
GLMB(11)=1.,92C24E-2 Ca€e 28



T KILGA PAEAT T ) © oerimzes

EXTERNAL FORMLLA NUMSER - _SZURCE STATEMEANT. - INTERNAL FERMLLA NUMBERLS) _
GLME(12)=1.92C24E-2 . _Q4eT 429
RHBE(1)=2.276GE-3 04€8 +40
RHEB(2)=7.C547E-4.___  _ ____ __ __.. ._. - e - C4€s . w4)
RFOR(3)=7.T615E-5.- 047C 142

____RH@B(4)=2,882GE-6_. L e L e s 43
RHZB(5)=1.3964E-6 C472 ST Y
RHPB(6)=4.1122E-8 €472 #45
RHBB(7)=4.256CE-9 0474 Fs4E

___ _RHOBI(8)=2,2242€-10 . . ____. .. . ) i L c43c J4T_
RHEB(9)=1.84TTE-12 C47¢ 48

__ __ RHEB(YO0)=1.3387E-12 ... . .. [P Cae37 449 _ _ _
RHOR(11)=6.,11€1E-12 0478 »E0
RHOB(12)=4,45EE-16 0415 4%1

10 PI1=3.14159265 C4EC v

_ __HG=FG=3280.832 ___ ... L . 453
T1=C.017202%D C4€1 V<4

__ . TENRE=2.30258%509 L . R 04€2 4%
SLAMB=T1+40,0325#SIN {T1)~1J41C V<6
SEPS=SIN (.4052) o gs?

CEPS=CBS L.4052) <
CLS=CBS_(SLAME) Coe -

SSLAMB=SIN (SLAMB) rYe
. CMS=SSLAMB#*CEPS o o ) _ N o 0488 €1
CNS=SSLAMBeSEPS 04€6 V€2
1 HNM=HG/6076.1C03 . 04sC_ g€3
H={20855531.%+G)/{2C855531 J+HG} 0451 s EL
100 08 111 I=l,N __ . . L 0462 F€5 o
[F(F-HB(I)11214211,111 0462 1€6
_ 111 CANTINUE . . o L . 0454 vyeT 468
2C0 T=TFBINI+GLMBIN)®=(F-HB{N)} c4sE €9
G2 Ta 50 _045€¢ 476
121 IF(1-1)123,122,123 0457 71
122_1=2 _  __ _ o L L 04%¢€ #72
123 IF(GLMB(I~1))11314141,131 4SS 12
141 1=Trel1-1) _ o . oscc L
RHEZ=RHOBLI~1)}4EXP (-(H-FB(I-1))%32,.1740485/{1716.4827=
1TMB(1+1))) o 05Cz F15 B
Ge T@ 60 cs5C2 16
C121 T=TMBLI-1)4GLMB(I-1)*{H~-HBLI-1)) _ __ o i C5C4_ s17
RHO=RHEBLI~1)#EXP (-(1.+32J.1740485/(1716.4827*GLMB
__LUI-1)3)=ALBG LT/IMBCI-1)Y. . L o XL B
G@ T8 60 0sC? » 79
S0 RHP=RHOB(N)*EXP (-(1.432,1740485/81716.4827=GLVME(N))) o
1#AL2G (T/TMBIN)Y) +€0
.60 V=SCRT (1.4%(1716.4€27+7)) _ R L EA:2
P=PHP®(171€.48272T) 0511 yB2
. . _TE(P)10004100C426Q ¢s51z . .82 -
1000 RETURN ce1z €4
260 CN=7/R €514 +E5
202 IF(FNM-76.)10C0,10CC,25C cs17 WEE
280 CL=X/R . . DU . . 0518 €7
CM=Y/R 0515 /€8
___cLCLS=CL=CLS el L SO €52C _+€9
CMCMSaCM*QOMS cszl #50
CNCNS=CN=CNS C5z2 _¥61

CePSIP={CLLCLS+CMLCMS)I*#CAS [J55)+(CN=CLS—CL=CFS)
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KILGE PAEAT T 06/187€S
o EXTERNAL FORMLLA NUMBER -  SBURCE STATEMENT - INTERKAL FERMULA KUMEERLS)
1#STN {.55) +CN*CNS 452
F1051.5+.84CPS (PI#C/2C10.) ¥G3
FB=.85%F10 052¢ 454
IF{FNM=108.)3C04,35C,3C1 0527 ¢S5
301 IF (HNM-378.)250,4CC,46C _ 0528 ¢56
128 RHP=RHO#(1.-0.3#CNs#34{1,~C8S (2.9PI#{HNN=16.)/34,))
1%CPS (2.%P1s(C+9.1/265.)) £57
P=REBR{1T16.4E27%7) c521 ¥ 8
V=SCRT (1.4%#(1716.4€27¢T)) . 4S9
RETURN 0532 +10¢
300 RHB=5.4606E~124(T6./FNMI*%T7J18%((1C8,~HNV)/32,+FB* 05324
LO(HNM=76.)/32.)%%(4.0/3.01)# {1+ (HNVN=76.)/153, #({1.+CEPSIP)/24) 053¢
2443) 052¢ £101
P=RFP&{1T1€.4E27%T) €527 /162
V=SCRT (1o4#{1716.4€27#T)) 4103
RETURN 053¢ 5164
350 RHP=FB#EXP (TENBE#(-15,738-.0C368%HAM+6,263%EXP (-.0048
T+ANFIY Y #(1 . +.19% {EXP (0.0102%HNM)41.9)* ((1.+CEPSIP)/2.) %83] y1CE
P=RFI&(171€6.4827%T) 0542 J1ce
V=SCRT (1.4*{1716.4€27%7)) +1G7
RETURN €544 4188~ ..
400 RHE=0400504%F10/ {HNVN) ##5# (({1.+CERSIP)/2.1%%3#(l.-6.E+6 €54¢
1/HNM#&3) 46 E+€/HNM2%3) C54¢ /105
P=RFBx{171¢.4827%T) 0547 y11€
. V=SCRT {1.,4%(1716.4827#7)) ¢111
RETURN 6545 #1112
___END . 055C 4112




- KILGE SMATMS
 EXTERNAL _FBRMLLA NUMBER -

SUBRBUTINE SMATMS (XyYeZySSaATeRHEHKN)

DIMENSIPZN RHZS (53)

SGURCE STATEMENT

osf18fes T

- INTERNAL FERNMULA NUMEBERLS)

S=SS "1
_ IFLIFLAG=1)60C4300,€0C — - - e - S I
600 CENTINUE 42
P1=2,1415927 R e 24
PI2=2.#P} €
Pl4=448PF S L o T
CENV=9204 47
RHPS=0. _ __ _ _ . __ _ ___ ... - - _ _ .. 98
RHBES(2)=0s S
REAS(3}1=0sC L ¢10
RHAS(4)=1.225E~3 /11
__ _RHZS(5)=0J . . . o _ o - o 12
RHES{6)=1J225E~3 /13
_ DPSC I=xT94G,2 e e oo sl4
90 RHES(F)=RHEZS({I-2)+& 415 s 16
RHES(8)=TJ36432E-4 e B #17
RHZS({10)=4,1351E=~4 FEY]
_RHPS(12)=1.9475E-4 e e e e e 719
RHPS(14)=8.891QGE~5 ¥20
_RHES{16)=4,0084E=-5 . ___ _ e . #21
RHEZS(118)=1.8410E~5 22
RHAS(20)=0:4634E-€ yZ3 _
RHBS(221=3.9957E-6 y24
RHBS( 24)21.9€63E-€6 _ __ e [ #25
RHES{ 26)21.0269E-€ ’26
CRH@SU 28325.6CTSE-? . . . ve1
RHBS( 30)}32,0592E-7 s28
RHAS( 32)}=1.6€65E-1 __¥2%
RHPS( 34)=8,7535E-8 #20
RHBS( 36)24.3256-8 ) e o a 21
RHES( 38)=1.9G9E-8 ¥322
__RHBS( 40)=7.955E-9 S v22
RHES{ 42)33,17GE-9 ¥324
RHES{ 44)=1.265E-9 ) ¢25
RHBS( 46)=5,070E-1C ¥26
_ _ _RHPS(48)=2,07CE-10 R o _ Y £
RHPS(50)=8,75CE-11 #4328
RHIS(51)2216.C S e e ¥39_
RHBS(52)=3,252€E~11 140
RHPS153)=1.E22 _ _ 44l
1FLAG=1 V42
300 R=SCRY (Aes2+Y#u2+2222) _ o o o 142
CL=X/R 144
CM=Y/R e e L V45
CN=2/R 446
1F (HKM) 2C0,20042C1 47
200 RHE =2.3765E-3 . 448
Gg T@ 1000 _ L L ~ 449
201 IF(FKM-116.)311,312,312 J<
311 CALL TBLIHKM,RHBS) o . o o #E1
IF (HKM-30.) 110411C,111 452
#53

111 IF (HKM-90.) 1124112,11C

112 C=1.-0.3%CN*»2#{}1.-C3S {PI2a{{HKV=3C.)1/60. Y1) 4CeS (P12 ({{T-2€194.)
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KILGE SMATMS 0&/187¢€E
EXTERNAL FPRMULA NUMBER -  SPURCE STATEMENT - INTERNAL FERMULA NUMBERLS)

1/365.25)) ¢54
RHE=RHAS&C 4ES
G2 T8 1000 156

110 RHP=RHBS 47
G2 T8 1000 $58
312 CONTINUE i 459
HKM=HKM+4.'C JEC
IF {$) 100,10C4101 FEl
100 FBAR=135,475,#C8S (PI12#(T-36340.)44C90,)+15.%CPS (P14#{T=-3602C,)’

1/4090.) 162
TCON=(T-38C47.1/365.25 vE3
GT=.025#C2S (PI2#TCEN)-.06%C2S (PE4*TCEN) YE4
S={50.+.A%FBAR)*EXP (GT) 465

101 CALL HPCICL,CM,;CNsFKM,S,T,RHAHC) "E6
__ RHEZ=RHBHC%CANV JET
1000 RETURN €8
END . L _ J1E9
KILGE TBL 06/1€/1¢€5
EXTERNAL F@RMLLA NUMBER -  SAURCE STATEMENT - INTERNAL FEZRMULLA NUMBERLS)

SUBRAUTINE TBL (HKVM,RH2S)

CIMENSI2N RHAS(1)

D? 10 I=5¢%1,2 ’

IF(FKM=-RHZS(1))20,3C,108 Y
10 CENTINUE 2 v4
20 RHPS=RHAS{I-1)+(RHZS(I+1)~RHAS({I-1) )% (HKWV

1-RHEZS{ I-2))}/{(RHBS({I)-RHES{}I=-2)) ¢S
25 RETURN J&
30 RHBS=RHAS( 1+1) i1
G2 19 25 ¢ 8
END S




T KILGB HPC
EXTERNAL_E@RMLLA_NUMBER _ = SAURCE STATEMENT = -

T 06718265
INYERNAL _FEZRMLLA NUMEER(S)

SUBROUTINE HPCICL,CV,CNyHKM,S,T,RHZA)

DIMENSIAN S1{25),52(35),52¢35),54435),55(35) ,SS1(35),552(35),

1-34,0684=365.26T74=3€6.365,-237.,447,-28.396,-39,194,-39.817,

-1553(35),SS4(3‘)rSS‘(3‘) Q(3,43)4,P(2),H4(35),R(3,3),PP(3),C(5)

_DATA [S1LI),1=1,35)7 _. i
1-24.065,-25.887,-27.310,-28. 463,~29.530,-31.,299,-32.772,

1-40.289,-4C.6€0,-4Ce973,-41.257,-41.524,-41.782,-42.033,

1-4%,101,-45.541,-45.938,-46.263,-46.604,-46.875,-47.109/

_1-624280,=424523,~42.7€62,-42.956+1-43.566,-44,109,-44.622,

1-24.065+=259Ck=270228,-28.284,-29.197,-30,758,-32.072,

1-33.218,-234.260,-35.235,-36,1¢€1,-27.044,-37.871,-38.620,

1-39.268,-3G.8C4,-4C+232y-40.5774-40.864,-41.114,4-641.344,

1-41.560,-41,7€84=41.970,-42,1€7,-42.648,243.111,~43.557,

T 1243.985,-44.365,-44.704,-45.1524-45.,496,-65.816,~46,111/

DATA 1S3(1),01=1,35)/7

T 1-24.065,-25.920,-274.137,-28.0463-28.814,-30.120,~31.232,

1-32,213,-32,064,-32.9C€3,-24,670,-25.400,-36.102,~36.777,

1-37.424,=-38.0264-328.6C7y-39.125,-29.584,-39,981,-40.317,
1-40.601,4-4Ce844,=4])1.056,-641.246,-41.664,-42,.041,-42.397,

1-42.738,-43 1 0€9,-42.389,-43. 698, ~43.997 y~44 286 4~444564/
DATA_(S4{1),1=1,35)/

1-24,065,-25.954,-27.0774-27.889,-28.558,-29,681,~30.643,
1-31.496y-32.270,-32.983,-23.646,-34,272,-34,869,~35,443,

1-35.998,-3€.5264~37.056,-27.558,-38.039,~38.496+~38.924,

1-39.320,-36.6804,=4C.002,-48.287,-40.856,-41,282,~41,625,

T 1-41.927,-42. 2C7,-42 473,-642e729,-42e9779-43.217,~43.451/

__ DATA 1S5(1),1=1,35)/

1-24.065,-25.9764-27.036,-27. 783,-28.385,-29.377,~30.221,

1-30.980,-31.6€69,-32.3C44-22.886,-33+454,-33.9844~34.490,

1-24,976,-35,446,-35,903,-26.347,-26.778,4~37.197,~37.604,

 1-37.997,-38.375,-3€.736,-39.077,-29.837,-40,443,-40.912,

1-4162789=41e5774-41.835,-42.069,-42.287,~42.495,~42.696/

__DATA (SSI{I},1=1435)/

1-24.065,-25.852,-27.238,-28. ,339,-29.227,-30.677,~31.866,
1-32,888,~33,8C5,-34.657,-35.4€4,-26.,233,~36.963,-37.658,

1-38.307,-38,869,-35.421,-29.8€69,-40.242,~40.553,-40.816,
1-41.0643,-41¢2474=41.4353-414612,-42.027+~42.4204~42,797+_
1-43.162,-42.514,-42.854,-44.182,-44,497,~44.799,-45,087/
DATA (SS2( 1) 1=1435)/

1-24.065,-25.867,-27.155,-28.153,-28,950,~30.214,-31.250,
1-32.149,-32.953,-22,6857-24,370,-35.022,4-35,648,-36.252,

1-36.836,-37.368,-37.935,-28.443,~28.915,-39,348,-39,735,
1~40.075,-4C.371,-4C.626,-404948,~41.300,-41.668,-41.996,

1-42 301.—42.:94.—44.877.443 150,~43 46416 4,~43.673,-43,922/

_ DATA (SS311),1=19p38)/
1-24.065,-25. 8G3,-27. 067' 27 948,~28.653,~29. 731,-30. 599'

1-31.3524-32.027,-32.6464-33.222,~33,7654~34.279,-34.773,

1-35,248,-35.7C8,-3€.153,-26.586,-37.007,~-37.415,-37.811,

1-38.193,-38.558,-38.9C79~39.235,-39,959+740.5361-40,983, _ _

1-414334,-41.6234-41e8744-42.1C3,~42.3179~42.522+4-42.719/

DATA 1SS5411),1=1435)/_

1-24.065,-2509214=27.012,-27.813,~28.451,-29.424,-30.184,
1-30.841,-31.421,-31.971,-32.474,~22.945,-33.392,-33.817,

1-34,223,-34.614,-34.9927-25,358,~-25.715,~36.062,-36.402,
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601

1030

1031
1022

1033

1400

600

400

20
21
9001

1002

30

40

42

41

KILGE HPC
EXTERNAL F@RMLLA NUMBER - SBURCE STATEMEANT -
1-36.733,-27.057,~37.373,-27.681,-38.414,-39.088,-39,689,
1-40.2069-4C.645,-41.004,-41.3C0,-41.548,-41.762,-41.952/
DATA {SS511),1=1¢35)/ R
1-24.0659-25e9473—2£.978,-27.721,-28.309,-29.211,-29.898,
1-20.488,-21.0164+-21.5C0,-31,950,-22.372,-32.772,-33.151,
1-33.513,-232.859,-34,1924-34.514,-34,826,-35.128,-35.423,
1-35.7109-35.960,-3£.265,-36.524,~27.182,~-37.798,-38.379,
1-38.9234~2G4425¢9-36.8804~-40.2859y-40.63949~40.945,~41.206/

PARF{X,YyZ)=X+DT#{Ya(OT2-DT)/DT1+2%(DT1+CT)/CT2)/(DT1+DT2)

IF{IFLAG-1)6014600,¢01

CONT INUE

H(1)=120.

DP? 14060 F=1,34
IF(1-41103Cy1C30,1C31
H{T+1)=HL1)42C.

6@ T8 1400
IF(1~24)1022,1032,1C32
HIT+1)=HLT)+4Cy

GO T@ 1400

H{I+1)=H(I1)+1C0.

CENTINUE

P1=2,1415927

IFLAG=1

CZNTINUE
CAPM=.0172C2#{T=362C3.)
SL=CAPM+.0335%SIN (CAPM)-1.41
CLS=CAS LSL)

SINSL=SIN (SL})
CMS=.9175%SINSL
CNS=.3977SINSL

D2 20 1=1425

DT=F (1 )=HKM

IF(CT)20,21,21

CONT INUE

G T2 9001

LPT=1
IF(1~35)10C2,5001,5C01
RHZA=0,0

G2 Tg 3000

CONTINUE
DT1=H{LPTI-H{LPT~1)
DT2=HILPT+1)=FILPT)

DT=-DF

IF{$-1502)30,21,31

D2 40 1=143
LP={PT-2+1
QUl.1)=SICLP)
Q(2,1)=S2(LP)
Q(3,1)=S3(LP)

160=1

CO 41 1=142
Ql=C(1,2}
Q2=C(F,2)=Q11,1) _
Q2=C{F,3)=C1,2)
P{1)=PARF{C1,C2,Q3)
G2 T8 {500C,5C01),1Ca

" T06/182E¢ -
INTERNAL FEZRMLLA NUMBERLS

)

Y12 413
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06/182€%

KILG8 HPC
_ BEXTERNAL _FORMULA NUMBER _ - SBURCE STATEMENT _ - _ [INTERNAL FZRMLLA NUMBERLS)
5000 D2 240 1=1,3 £2
LP=LPT=2«} a=3
R{1,1}=SS51({LP) - o I . e #5464
R{2,13=S52({LP) ¥55
_240 R(3,12=SS3(tPY) _ S I vE6 457
5001 D@ 241 1=1,3 +58
R1=R(1,2) _ P59
R2=R{F92)=R{1,41) iE@
R3=R{F53)~R(1,2) o ~ L FT-5 S
241 PP{I1)aPARR{R1,R24R3) vE2 463
GB T3 _143944),1G8 e Jt4
43 DT=5-100. K3
0T1=30. _ vE6
DT2=50. ¥ET
45 RHZN=EXP {PARFIP(2),P(2)=P{1),P(3}-P(2))) _ o vEs
RHEX = EXP (PARFIPRI2),PFL{2)-PP (1), PP{3)~PP{2)}) €9
______GZ TP 410 . _ o v10
31 D2 140 121,32 ¥l
LP=LPT~2+} ¥12
Q(1, 11=S3(LP) EYE)
L2, 1) =S4(LP) e #74 B
T140 Q(3,1Y=S51LP) e #7175 516
169=2 i e 17
D8 240 I=1,3 T8
LP=LPT~2+} 419
R{1,1)=SS3(LP) y80
o RI(2,1)=554(LP) e R sE1 )
340 R(3,1)=SS5{LP) fE2 .83
GZ 18 42 [ L = /84
44 DT=$-200. »85
DT1=50.- +€6
DT2=5C. £87
G2 T2 45 e - #E8
410 SIGs($-160.)/50. vES
SI1G2=51G=x2 . - S _ ¥S6 | .
PHIN=591.+22.S4SIG-€E.5#51G2 ¥S1
PHIM=96.+2C.#S1G+1C.*#S}1G2 Ly
HM=1115.+45C7,54S1G+52.5+51G2 ¥63
_ DELF=590.+255,#516+425,+5162___ __ __ _ ___ . __ . ¥S4
MS=325.427.%S1G-5.451G2 $S5
ZETA={{HKM=HN)/DELF)®*2 _ _ _ e #SE. . .
FZ==.06+203#ZETA+1.CO%EXP (-3.7%ZETA) »67
PHIZPF# (PHIN-PHIM®FZ-4,47+.01174*HKN+EXP (-, 04 (HKM-HS)))/12CC., L 758
IF{PHE=-2.)420,421,421 +S9
42] PHI=2. o e o #16C
G2 T@ 430 #101
__420 I1F{PHF-1,)425,430,420_ . e e e e v10z
425 PHI=1J #1032
430 EPSI=ALBG  (1.+SQRT [RHEX/RHAN))/ALEG (2./(1.+CES (PHI})) #4104
GAVMMA=P I2{18,5+30.2EXP (-.GC567* (HKN-20C.)+EXP (-.01455«(rK*-200.
1)))+(18.5+21 . 5#EXP (—,0315% (HKM=2{0.)))#SIG+4.#(1.~-5162))/18C. _ _ Js108
IF{GAMMA-5.)320,32C,2003 106
2003 GANMMA=5. I o - o . ¢107
320 CPSIPL= (CLACLSACMACP S aCES (GAMMATT (CMSCLSZCLSCMS) ¥STN (GAMMAY+CNS
LCNS #1088
{RFOX=RHZN)* ({1 .+CPSIPL) /2. ) ##EPST #£1C6

1000 RHQA=RHOEN+

180
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5

KILGE HPC

BXTERNAL FORMULA RUMBER =  SOURCE STATENMEANT
1001 BETA=TANZ2PI(CLJCM)-TAN2PI(CLS,CMSE-180.2GAMMA/PT

2002 1F(BETA) 2C00,2001,2001
2000 BETA=BETA+360.

Go T8 2002
2001 CONTINUE

700 AMP=HKGM/4000.4£.914344951G4.382SIG21EXP (= (2.-HKM/(405.+¢143.0516)

1)es2)
P10 AMPS=J2454,0425051G-.C625¢51G2

U=AMPR[~.08¢EXP L~ ((BETA~250.)/55J)9%2) +AMPSeEXP (-((BETA-135.)/

1344 )92 14 ANP =4  ESE4BETA
FACT=1.+L1.-Chee2)sL
RHOASRHBARFACT

3000 RETURN
END

KILGE TANZPI
EXTERNAL FZRMULA NUMBER -  SBURCE

FUNCTEBN TAN2PI(X4Y)
TAN2PE=ARCTAN{Y/X)
TAN2PE EQUAL @R LESS THAN 2PF
TAN2PE _ EQUAL @R GREATER THAN _ZER@
RADCEG=57.2957795
IF(Y114243
IF{X1S5446
TAN2PE=1.0E+3C . _
Go 18 20
TAN2PE=18040
Ga T8 20
TAN2P}=0.0
Ge T8 20
,,,,,, 1 IF(X)74899 L .
7 TAN2PE=180.+RADCEGeATANIY/X)
... 62 T8 20
8 TAN2PF=270.0
G2 18 20
9 TANZ2PE=360.+RADDEGSATANIY/X)
. GQ T8 20 e
3 IF(X)7;10411
. 10 _TAN2P}=90.C_ _
G2 18 20
11 TAN2PI=RADCEGSATANLY/X)
20 RETURN
. END

Mmon
W oeN

- J

06/18L¢€% :
INTERNAE FZRMULA NUMEERLE)

4110

J111
#4112
4112
#1114

41182

d11¢

4117
4118
411§
diz2¢

sl2l

T T osrisres

. INTERNAL FZRFMLLA NUMEERLS)

. _.__.Gaegf R
09E¢
oGO8
cgee ¢l
__c9gs ¢2
€9sC 2
0951 L
€962 H
€952 __ L,
€964 7
€9s¢ e
- C9s5¢ 46
- €961 __ _#10
sll
_ . €38S _  s12
€96S1 413
09sSe 414
415
. c9ssC_ _s16
09SSE 17
__G9SSF_ 418
89651 #419
. 420
G9SSH ¢l
09554 422
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